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ABSTRACT
JAMAL HAFZA
ATTITUDES ABOUT HIGH SCHOOL PHYSICS IN RELATIONSHIP TO GENDER
AND ETHNICITY: A MIXED METHOD ANALYSIS
Under the direction of dr. debra leigh walls rosenstein
There is an achievement gap and lack of participation in science, technology,
engineering, and math (STEM) by minority females. The number of minority females
majoring in STEM related fields and earning advanced degrees in these fields has not
significantly increased over the past 40 years. Previous research has evaluated the
relationship between self-identity concept and factors that promote the academic
achievement as well the motivation of students to study different subject areas. This study
examined the interaction between gender and ethnicity in terms of physics attitudes in the
context of real world connections, personal interest, sense making/effort, problem solving
confidence, and problem solving sophistication.
The Colorado Learning Attitudes about Science Survey (CLASS) was given to
131 students enrolled in physics classes. There was a statistically significant
Gender* Ethnicity interaction for attitude in the context of Real World Connections,
Personal Interest, Sense Making/Effort, Problem Solving Confidence, and Problem
Solving Sophistication as a whole. There was also a statistically significant
Gender* Ethnicity interaction for attitude in the context of Real World Connections,
Personal Interest, and Sense Making/Effort individually. Five Black females were

xv

xvi

interviewed to triangulate the quantitative results and to describe the experiences of
minority females taking physics classes. There were four themes that
emerged from the interviews and supported the findings from the quantitative results.
The data supported previous research done on attitudes about STEM. The results
reported that Real World Connections and Personal Interest could be possible factors that
explain the lack of participation and achievement gaps that exists among minority
females.

CHAPTER 1
INTRODUCTION TO THE STUDY
"Errors are notoriously hard to kill, but an error that ascribes to a man what was
actually the work of a woman has more lives than a cat. " Hertha Ayrton - British
Physicist (Des Jardins, 2010, p. 34)
Problem
A significant problem that has plagued modern education is the achievement gap
that exists between marginalized groups and the majority (Basu, Barton, Clairmont, &
Locke, 2009). Science, technology, engineering, and math (STEM) subjects were no
exception to the existing achievement gap between minority girls and other students. The
evidence that a gap existed lies in the national data collected by College Board® for the
AP Physics B exam. The exam scores ranged between one and five, with one being the
lowest and five being the highest. Passing the AP Physics B exam provides opportunity
to earn college credit with a score of 3.0 or higher, depending on the college to be
attended. For the following analysis minorities were classified as Black and Hispanic
(Mexican American, Other Hispanic, and Puerto Rican). In 2010, the national average
was 2.84; however, minority females averaged a mere 1.69. The other subgroup averages
included White males, White females, minority males, Asian males, and Asian females.
White males averaged 3.11, White females averaged 2.70, minority males averaged 2.18,
Asian males averaged 3.18, and Asian females averaged 2.87. All subgroups averaged
significantly higher than minority females on the AP Physics B exam.
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Purpose of the Study
The purpose of this study was to evaluate the attitudes of minority female students
with regard to their performance in physics classes. Traditionally, there has been a
disproportionate number of female students majoring in physics and engineering
(Schneider, 2001). Furthermore, Schuck (1997) acknowledged that physics courses in
particular acted as a filter for females (Udo, Ramsey, Reynolds-Alpert, & Mallow, 2001).
Prior research has explored how the physics curriculum is written (Haussler & Hoffman,
2002), how gender influences the learning of physics, and how gender affects the desire
to study physics (Danielsson & Linder, 2009). Huebner (2009) identified confidence as
an important factor that encouraged female students to actively participate in math and
science classes. Huebner added that giving specific feedback and genuine praise
increased the self-efficacy of students and resulted in a classroom environment that
promoted students' verbal requests for assistance.
Conceptual Framework
Historical Aspects of Curriculum
A glimpse of the history of U.S. education verified that certain measures were
taken to exclude certain groups, including women and minorities (Urban & Wagoner,
2009). The development of the physics curriculum may have affected how the content
was presented to students. "The process of how the subject matter was actually developed
may trigger the psychological as opposed to the logical aspect" (Deng, 2001, p. 272).
Deng believed that "key ideas in teaching physics differ than key ideas within the
discipline of physics" and Deng presumed the coupling of this ideology with the
established gender roles put female students at a disadvantage in a heterogeneous gender
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classroom (2001, p. 267). Additional reasons included closing achievement gaps between
different racial, gender, and cultural groups, providing critical science agency, and
providing improved science literacy (Basu et al., 2009). Science agency is much like
human agency but in the context of a science class. Alexander (2005) defined human
agency as:
the freedom within reasonable limits to choose their beliefs, desires, and actions,
the intelligence to distinguish between better and worse according to some
conception of these notions, and the capacity to make mistakes in what they
believe, feel, and do. (p. 349)
Science agency was a similar idea, but critical science agency helped students believe
that they could "change the world into a more socially just and equitable place with and
through science, while considering oneself as powerful scientific thinker" (Basu et al.,
2009, p. 345). Giroux (1992) defined cultural literacy as the literacy of an individual
based on their lineage and/or culture. If the curriculum was made accessible to everyone,
the gap between scientific literacy and cultural literacy would eventually close, resulting
in a decrease in the achievement gap.
The history of U.S. education has been proven to be one that has promoted
inequity in schools from the turn of the twentieth century to the current state of affairs
with achievement gaps. Rewriting the curriculum could require that this history be held in
regard in terms of the components of curriculum. The components of curriculum included
the hidden curriculum, the excluded curriculum, the recommended curriculum, the
written curriculum (soon to be rewritten), the supported curriculum, the tested
curriculum, the taught curriculum, and the learned curriculum (Glatthorn, 1999).
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The hidden curriculum seemed to be one of the biggest problems in providing
equity in physics education. If all activities were implemented from a male perspective,
then it would be understandable that female students were not going to feel connected to
the curriculum. Female students' feeling disconnected gives them the impression that
their presence in physics classes was insignificant and that they were unwelcome
(Glatthorn, 1999). The hidden curriculum is a product of female students' negative
feelings about physics. The curriculum planning could have involved experts in the
written portion of the curriculum so that the written and recommended curriculums were
one and the same. For example, a medical doctor must be an expert in his/her area, and
other doctors or experts write the curriculum for medical schools. Why was the
curriculum for physics classes more often written by people that were not experts? The
answer lies in the tested curriculum, and the simple solution for that would be to have a
committee of physics teachers, science coordinators, and physicists write the curriculum
and the tests. The best written curriculum can be assumed to be a fusion of the
recommended, written, supported, taught, and tested curriculum. This outcome could
potentially help facilitate the learned curriculum, in turn giving the hidden/excluded
curriculum less of an impact on a program.
Self-Identity Concept
Haussler and Hoffman (2002) developed an intervention designed to improve the
interest, self-concept, and academic achievement of female students taking physics. The
researchers evaluated the curriculum, its implementation, and the self-concept of girls in
physics classes. After the evaluation of the curriculum, its presentation and the training of
the teachers to implement the modified curriculum, the intervention was initiated to see if
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there would be a significant difference in female achievement and self-concept compared
to female students using the original curriculum. The researchers looked at both the
cognitive and affective domain quantitatively. The self-concept portion was done using a
5-point Likert scale from "I completely agree" to "1 completely disagree" in terms of the
school related self-concept (Haussler & Hoffman, 2002, p. 878). The physics related selfconcept was done on a 5-point Likert scale that varied from "very good" to "very bad
(Haussler & Hoffman, 2002, p. 878). The intervention not only improved the interest,
self-concept and academic achievement of girls, it also had a positive impact on the boys.
Many of the theories addressed in-class strategies and activities that aided
neglected groups of students that have a tendency to feel disconnected from the content
and curriculum in introductory physics classes. Bachman, Hebl, Martinez, and Rittmayer
(2009) reviewed literature and research that discussed the experiences of girls in STEM
classrooms. Strategies listed included interactive engagement (Keiner & Burns, 2010),
contextualized activities (Park & Lee, 2004), as well as creating common experiences
that were relevant to each student's culture (Murphy & Whitelegg, 2006). Female
students preferred tests that were decontextualized, which was indicative of their low
self-efficacy due to a lack of experience (Park & Lee, 2004). This may have been due to
the very nature of gender roles within the family.
Parental influence was also considered a factor that stimulated interest and was
instrumental in their children's career choices (Jacobs, Chhin, & Bleeker, 2006). They
found that parents tended to buy more math and science-related items for their sons as
opposed to their daughters (Jacobs et al., 2006). Other factors that reduced female interest
in STEM included the pedagogical nature of science and math classes (competition
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based, ranking, and less interaction). Bachman, Hebl, Martinez, and Rittmayer (2009)
also identified differences in learning styles, adding that boys were more likely to
develop an incremental approach and girls were more likely to develop an entity
approach. The entity approach led girls to believe that their performance was based on a
definite amount of intelligence or mental capacity, making them incapable of rising to a
higher level. The incremental approach led the learner to think that if they did not do well
in a class they must work harder and try again. STEM classes were the most demanding
because learners tended to experience greater obstacles before experiencing success.
Other points that were mentioned were confidence, peer interactions, teacher interactions,
and performance. It was found again that male peers believed that girls who excelled in
STEM subjects were considered unattractive (Seymour, 1995). Two interactions that
were evaluated were acceptance-intellectual interactions (student gives a correct answer
but are asked to elaborate intellectually) and criticism-intellectual interactions (negative
analysis of response), both of which were found to be more frequent for boys than girls in
STEM classes (Seymour, 1995).
Stereotype Threat
Huguet and Regner (2009) introduced stereotype threat as the threat of being
associated with a negative stereotype. Stereotype threat was evaluated based on students'
poor performance even when they were highly qualified to do the task. The participants
of the study were middle school boys and girls that were asked to reconstruct a figure
using paper and pencil. There were two coeducational groups of equal ability and
number. After the completion of the tasks, Huguet and Regner concluded that girls
outperformed boys if they were told it was a drawing activity; however, the outcome was
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reversed when the groups were told the task was mathematical geometry (2009). The
survey given to the students after the experiment revealed that each gender group
believed themselves to be superior to the opposite gender group. For the female group
this belief was identified as counter-stereotypic because they oppose the dominant
societal stereotype. In other words, the common societal stereotype was that boys were
good at mathematics and girls were not. This study confirmed that even when girls had
counter-stereotypic beliefs, they were still susceptible to stereotype threat.
Power and Status
Dovidio, Brown, Heltman, Ellyson, and Keating (1988) evaluated power as it is
related to status and male-female verbal and non-verbal communication. The relationship
between speaking and power was found to be directly proportional (i.e., more talk = more
power). Another finding was that familiarity led to perceived competence and social
power. This followed the expectation states theory as opposed to performance
expectation theory and status consistency theory. Expectation states theory was also
noted as similar to self-fulfilling prophecy (Rosenthal & Jacobson, 1968) and based on
the synthesis of performance expectation theory and status consistency theory. These
theories and terminologies were all products of human behavior and interaction. The
performance expectation and status consistency theory gave explanations of the why and
how of self-fulfilling prophecy (expectation states).
Carli (2001) further elaborated on the lower status and power difference amongst
men and women and found that men exerted more influence than women in mixed
groups. The expectation states was defined as "gender effects on influence depend on the
salience of gender as a status characteristic" (Carli, 2001, p. 727). The analysis of
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proportions of males to females in groups found that women had a greater influence when
the groups were balanced as opposed to groups where women were the less represented.
Men were found to have a greater influence on their group even when they were less
represented than women. Men's greater influence was based on the external higher status
for men and resulted in their exertion of power over the group. In terms of competence, it
was reiterated that women were perceived as less competent and held to a lower
minimum standard than their male counterparts. Even when demonstrating competence
(speaking quickly with no errors such as stuttering or pausing), there was no guarantee
that women would be regarded as competent. Another demonstration of inequity in
collaborative group work was explained by adding that when women had unique facts
related to a group task, their influence over the group did not increase; however, under
the same conditions for men, their influence did increase. Women were considered too
nurturing to lead by dominance.
Overarching Research Question
1. What are attitudes about high school physics in relationship to gender and
ethnicity?

Definitions
The list of compiled definitions came from psychological and sociological
philosophies as well as critical race feminist perspectives.
1. Critical Science Agency - Is defined as an individual's belief that they can change
the world into a more socially just and equitable place with and through science,
while considering oneself as a powerful scientific thinker (Basu et al., 2009).
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2. Entity Approach - The belief that the amount of knowledge is fixed, making
rising to another level impossible (Bachman et al., 2009)
3. Feminist Standpoint Theory - Theory stating that women obtain or gain
knowledge from their own perspectives and experiences (Harding, 1986).
4. Hidden Curriculum - Curriculum that is not written but implied through practices
of the classroom setting (Glatthorn, 1999).
5. Incremental Approach -The belief that the amount of knowledge can be expanded
upon through hard work (Bachman et al., 2009).
6. Legitimacy - Is defined as lawfulness by virtue of being authorized.
7. Majority - A group comprised of White and Asian males and females.
8. Minority - A group comprised of Black and Hispanic males and females.
9. Performance Expectation Theory - Theory stating that the external status
determines the performance expectations of an individual in an internal status
context (Dovidio et al., 1988).
10. Self-Concept - Perception factor that ties together how people feel about
themselves with how well they will receive further experiences.
11. Situated Learning or Cognition - Belief that knowledge is situated, being in part
a product of the activity, context, and culture in which it is developed and used
(Brown, Collins, & Duguid, 1989, p. 32)
12. Status Consistency Theory - Theory identified by a situation when persons with a
high status outside the group in turn deserve higher status within the group and
are permitted to earn status by making contributions, which are accepted by others
(Dovidio et al., 1988).
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13. Stereotype Threat - The threat of being negatively stereotyped and it causing a
student to perform poorly even when the student is highly qualified to do the task
(Huguet & Regner, 2009).
Limitations, Assumptions, and Design Controls
Criterion sampling was done to analyze a specific phenomenon. Research was
conducted at a large high school located in a suburban metropolitan area of the
southeastern United States. The high school has a student population of 1,483 in grades
nine through twelve. The sample of the study included all students enrolled in regular
physics, honors physics, and AP physics B classes. Regular and honors physics used the
same curriculum established by the state government. The content of the all three subjects
is the same; however, the AP physics B curriculum is a national curriculum developed by
College Board ®. A more significant difference in regular, honors, and AP physics B is
the pacing of the course. Limitations of this study included the small sample size for
interviews and that there was only one physics teacher in the entire school. I had daily
contact with the students as their physics teacher. The qualitative research was not
replicable, but will help contribute to the understanding of the phenomenon experienced
by minority girls in physics classes. The results of the qualitative analysis also helped
further explain the quantitative results.
Researcher Bias
1 have been teaching physics for six years in a large suburban area in the
Southeastern United States. Most of my students took the CLASS and a few of my
students were interviewed for this study. I believe that there is a disproportionate number
of minority females that enroll in physics and even when they do take physics they do not
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like the class. I have never had a minority (Black and Hispanic) female score higher than
a 2.0 on the AP physic B exam. It is in my best interest, as a teacher, for my students to
score well on the AP exam.
Summary
I evaluated factors that affect attitudes of minority females about their
performance in AP and honors physics classes. In addition to these factors, the history of
science education in the United States was presented in order to critique the foundation of
the current science classroom and more specifically the physics classroom. Research has
shown a multitude of factors that affect the enrollment and success of minority females in
physics and engineering classes. This lack of participation has led to a deficiency in the
number of minority female STEM majors and in turn a deficiency in minority female
engineers and physicists. Identity followed the historical aspects of curriculum to provide
the foundation of this research. Identity was affected by historical gender roles, which
were perpetuated by parental influence and a lack of role models in STEM. Additionally,
teacher interactions and working in groups contribute to the established gender roles.
Stereotype threat was identified as a possible outcome of participating in a task or activity
that is not related to an individual's identity. The stereotypes that were evaluated
included boys being good at math and science. This stereotype had a negative effect on
the performance of girls in math and science classes. Finally, power and status were
evaluated in the context of group work. This was a mixed method study that evaluated
the attitudes of minority females with the conceptual framework to support the
methodology.

CHAPTER 2
REVIEW OF RELATED LITERATURE
Basu, Barton, Clairmont, and Locke (2009) identified the achievement gap that
exists between marginalized groups (Black, Hispanic, Female) and other groups (White,
Asian, Male) as a prevalent issue in schools today. Science, technology, engineering, and
math (STEM) subjects were no exception to the disparity of participation between
minority girls and other subgroups of students (National Science Foundation, 2011).
Schneider (2001) described the imbalance that exists between the number of female
students majoring in physics and engineering compared to their male counterparts.
Hazari, Sonnert, Sadler, and Shanahan (2010) stated, "physics has failed to increase
women's participation...and continues to suffer low female undergraduate graduation
percentages" (p. 978). Schuck (1997) as well as Udo, Ramsey, Reynolds-Alpert, and
Mallow (2001) confirmed that physics classes were likely to discourage female
participants from majoring in physics and engineering. A study done in New York City
reported a small percentage of students (23%) took physics and girls in particular have an
even smaller chance of taking physics and/or experiencing success in a physics class
(Basu et al., 2009).
The history of science education in the United States has been one that is written
from a Eurocentric point of view with little or no modification. Based on the context of
the history of the United States, it was evident the curriculum that was established over
time was embedded in a culture that led to the marginalization of women and minorities.
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The review of literature included important historical aspects of the development of
science education, pertinent legislation, development of STEM education, and feminism
in the above listed contexts. The purpose of including history and feminism was to
substantiate the creation and maintenance of stereotypes and social identities of
minorities and females.
Researchers have evaluated everything from the way the physics curriculum was
developed and written (Haussler & Hoffman, 2002) to the influence that gender had on
learning physics (Danielsson & Linder, 2009). Another factor that may be affected by
gender is the motivation to take physics classes (Danielsson & Linder, 2009). Huebner
targeted confidence as instrumental in promoting math and science to female students
(2009). Huebner stated that when "teachers included both genuine praise...and specific
feedback on performance, students were more likely to ask for assistance and to have
better self-efficacy" (2009, p. 91). The attitudes of students in the classroom have been
noted as an indicator of their potential performance (Ames & Archer, 1988). Attitudes
were affected by factors including stereotype threat, power, status, and self-concept
within the classroom. Self-esteem was a central piece that connects all of the
aforementioned concepts. Stereotype threat, power, status, and self-concept contributed
to girls' choice of major, liking of a subject, and testing success (Marx & Roman, 2002;
Oswald, 2008; Quinn & Spencer, 2001). Self-concept and stereotype threat worked
interchangeably and were the result of each other. The question may be pondered
regarding whether or not self-concept originated before or after stereotype threat.
Stereotypes were constructs of identity, but it is unknown if individuals acknowledge
these social labels first or if individuals develop these stereotypes from self-awareness.
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Power and status were dictated and maintained by stereotype threat and the self-concept
of marginalized groups. Self-esteem was also an instrumental piece that connects
stereotype threat, self-concept, power, and status.
The History of Science Education in the United States
The history of science education in the United States embodies a system that has
gone from little reform in the beginning to mass reform over the past 50 years. After the
Revolutionary War, education for girls was not really a topic of concern for theorists due
to the gender roles that dominated the times of the late 1700s and early 1800s (Urban &
Wagoner, 2009). Girls were permitted to attend common schools with boys where their
teachers were also primarily female; however, the administration was predominantly
male as were their high school teachers (Urban & Wagoner, 2009). Prior to the
Committee of Ten the first high schools for girls appeared in 1826, six years after high
schools were originally established (Tanner & Tanner, 2007). Twelve years after these
few high schools for girls emerged, legislation in Pennsylvania proclaimed:
It seems to have been generally unknown either that girls could be educated
beyond the simple arts of Reading, Writing, or Arithmetic, or that they were
entitled to any higher education. The credit of the discovery that girls have an
equal place with boys in a system of public institution, higher as well as lower,
belongs to the legislature of 1838. (Tanner & Tanner, 2007, pp. 12-13)
Equitable education for women has been an afterthought since this proclamation. In the
late 1800s right before the Committee of Ten, high schools had large populations of girls;
however, these high schools had no direct link to preparation for the workforce (Urban &
Wagoner, 2009). On the other side of education from high schools, manual training
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schools provided gender based training with girls being taught how to sew and taking
home economics classes (Urban & Wagoner, 2009). The Committee of Ten was the first
major attempt at an overhaul of the education system of the United States and for this
reason the history in this section starts at that point.
The focus of this section of the literature review was on the overall system of
education in the United States and its effect on the math and science education sectors.
The Civil Rights and Feminist movements complimented and inspired each other as early
as the turn of the twentieth century. In the 60s and 70s the civil rights and feminist
movements gained a great deal of momentum primarily due to their common goals and
context (Pinar, 2004). Public schools were severely affected by these movements and
have continued to be a central concern in the context of racial and gender equity. Major
legislation and events that have effected science education and the education of women
and minorities were presented to navigate the pathway that has led us to the current status
of the United States education system. Although there have been substantial gains in the
advancement of women and minorities in many subject areas, the fields of science,
technology, engineering, and math have made little progress in the past twenty years
(Hill, Corbett, & St. Rose, 2010).
Committee of Ten
The National Education Association established the Committee of Ten with the
philosophy that students were to be prepared for college (1894). The National Education
Association (NEA) appointed the committee to address the problems that were arising in
public schools and to standardize the secondary school curriculum for college preparation
purposes. The committee was broken up into subcommittees based on content area and

these subcommittees established the basic guidelines for science and mathematics
classes. Mathematics was included due to its prevalence within the physics subject area.
Within the secondary schools, each subcommittee decided on best practices in terms of
what was to be covered (curriculum), when it was to be covered (i.e., pacing), how much
of it was to be covered (time minimums/maximums), and the best method of instruction
(e.g., direct instruction, labs, and textbook).
The sequencing of the sciences was done in a very specific manner; however,
there were disagreements amongst committee members concerning the sequencing of
physics and chemistry. The very beginning of the report stated that basic, natural
occurrences would be studied in elementary school. The committee advised that biology
and other natural sciences were to be studied throughout middle grades and in early high
school. The overall consensus concerning physics was that the subject would be covered
the last year of high school following chemistry.
The committee also addressed the delivery of the content after the sequencing
recommendations were done. They established that the physics and chemistry classes
would be taught using not only direct instruction and the textbook, but lab experiences
may be implemented as well. The committee recommended the students receive 50
physics experiments and 200 hours of physics class time. It was advised that the students
receive a substantial amount of mathematics before taking physics. Physics was
constantly mentioned throughout the mathematics portion of the report in reference to
applications for problem solving, algebra, and geometry. The committee recommended
geometry be introduced after the first year of algebra and then studied simultaneously
with algebra to build strong mathematics and problem solving skills.
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The mathematics and science portions were written using masculine nouns and
pronouns indicating that the sciences were not intended for female participation. For
example in the physics portion the authors stated, " the pupil, no matter what he may
actually see, will tend not to record his own observations..." (NEA, 1894, p. 120). The
education of minorities was not addressed in the mathematics or science report and in the
Southeastern United States schools were not integrated until the 1960s.
Sputnik's Impact on Science Education
The launching of Sputnik by the Soviet Union in 1957 lead to mass pandemonium
in the United States regarding national security and the country's technological second
place finish to the Soviets (Des Jardins, 2010). This event led the United States to re
evaluate the mathematics and science curriculum throughout the country. In 1958
congress passed the National Defense Education Act (NDEA) in response to the
successful launch of Sputnik (Urban & Wagoner, 2009). During this critical time, an
article was published titled "What Ivan Knows that Johnny Doesn't," which compared
the Russian education system to the U.S. education system. It was clear from the title of
this article that educating females was not a priority.
The positive impact of the NDEA was the pressure to educate all U.S. children in
science and mathematics (Sevo, 2009). The mentality was the more trained people in the
fields of mathematics and science, the more ideas that could be produced to keep up with
the Russians. The Cold War, like many other adverse events in U.S. history, led to the
temporary philosophy that all citizens of the United States regardless of gender or race
could assist in preserving democracy. Events ranging from the American Revolution to
the Vietnam War have repeatedly demonstrated the willingness of the government to
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temporarily grant women and minorities an upgraded status; however, after the conflict
ends these marginalized groups return to their original status.
Elementary and Secondary Education Act of 1965
The initial legislation concerning equity in society was Title VII of the Civil
Rights Act of 1964 that prohibited discrimination based on race, ethnicity, gender, or
religion; however, this did not include education programs. Gender and religion were
excluded from the list of federally assisted programs because the primary focus of Title
VII of the Civil Rights Act of 1964 was equity in employment. Urban and Wagoner
(2009) describe the Elementary and Secondary Education of 1965 (ESEA) as "one of the
most influential pieces of educational legislation in American History" (p. 373). The
ESEA laid out guidelines in the form of ten articles called titles to primarily address the
disadvantaged and the poor (Oliva, 2009; Urban & Wagoner, 2009). Compliance with the
ten articles guaranteed federal funding to address these inequities (Oliva, 2009). There
have been many amendments to the initial Elementary and Secondary Education Act over
the past 40 years. Relevant amendments and modifications of the original act were listed
based on relevance to gender and race.
Title IX
Title IX initiatives were the result of hearings in 1970 concerning gender
discrimination in higher education. Title IX amendment of 1972 laid the foundation for
the beginning of gender equity and inclusion in schools (Oliva, 2009). Title IX declared
"no person in the United States shall, on the basis of sex, be excluded from participation
in, be denied the benefits of, or be subjected to discrimination under any education
program or activity receiving Federal financial assistance" (Title IX, 1972). This
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amendment was groundbreaking in the movement toward gender equity in education;
however, many aspects of this inclusion have been neglected. For the first twenty years,
Title IX primarily focused on athletics with a few landmark cases based on sexual
harassment. For example, Klein and Ortman (1994) elicited that in 1972 men earned
three times the annual salary of women. Nothing in Title IX addressed this huge disparity
between the annual earnings of men and women as well as the gender gap in STEM.
Senate Bill 1463
In 1993, Senator Barbara Mikulski introduced Senate Bill 1463, with the intention
of including it as an amendment to the Elementary and Secondary Education Act of 1965
(Oliva, 2009). The bill would eventually be two titles that became the Gender Equity in
Education Act of 1994. The first portion of the Gender Equity in Education Act
addressed the lack of gender equity in mathematics and science and the second portion
looked to eliminate sexual harassment and abuse in schools. The Gender Equity in
Education Act addressed the gender issues that Title IX inadvertently missed. Title IX
was implemented to force local governments to provide equitable opportunities for
females; however, Senator Mikulski apparently felt that there were still inequities to be
addressed.
There have been significant gains in the number of females taking mathematics
and science classes and even majoring in mathematics and sciences. In fact, there were
more female students majoring in biology at the undergraduate level than male students
and over the past forty years the number of women earning doctorates in biology
increased from 10% to over 50% (National Science Foundation, 2011). Even with this
increase in advanced degrees in biology, the number of females earning degrees in
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physics, engineering, and mathematics still lagged behind their male counterparts. Even
amendments to Title IX like the Gender Equity in Education Act have not remedied the
gap that exists between males and females earning degrees in physics, engineering, and
mathematics.
The data presented earlier demonstrates a gap that only widens as the number of
female professorships was analyzed. Women made up only 14.8% of full professors of
biological sciences and this number decreases when looking at physics, mathematics, and
engineering (NSF, 2011). The percentage of women that are full professors in physics is
5.2%, mathematics is 4.6%, and engineering is 3.7% (NSF, 2011). The number of women
that were assistant and associate professors is slightly higher than the number of women
that were awarded full professorships in all fields; however it may be noted that full
professors had greater annual salaries than assistant and associate professors (NSF,

2011).
The gap in salaries based on gender was attributed to the lack of higher positions
held by females. As stated earlier, men earned three times the annual salary of women in
1972 and even after the passing of the Gender Equity in Education Act (Senate Bill 1463)
in 1994 the gap in salaries remains at seventy-two cents to every dollar when comparing
women to men (Blau & Kahn, 2000). Blau and Kahn (2000) continued by adding that
although the pay gap between men and women had decreased, this decrease had seemed
to even off in the mid 1990's. Blau and Kahn attributed this pay gap to occupation,
gender-specific factors and the overall wage structure (2000). It was known that students
with engineering degrees earned some of the highest first year salaries of any
undergraduate major.
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Equal Opportunities for Women and Minorities in Science and Technology Act
Another piece legislation that arose as a result of Title IX was the Equal
Opportunities for Women and Minorities in Science and Technology Act of 1981 (Sevo,
2009). The legislation originated because the National Science Foundation collected data
that found most of the students and professors in science and engineering departments
were White males (Sevo, 2009). This legislation was established as an intermediate point
between Title IX and the Gender Equity in Education Act of 1994. The act was also
intended to be a reapplication of Title IX to address the misinterpretation of the law as
simply a fix of gender inequity in sports and on occasion a prevention of sexual
harassment (Sevo, 2009). It was clear based on the passing of the Gender Equity in
Education Act of 1994 that the problem still needed to be addressed.
History of Women in STEM
The exclusion of women in science, technology, engineering, and mathematics
(STEM) has been a longstanding trend in education (Des Jardins, 2010). The
incompatibility of women and science has been a stigma that has been deeply embedded
in many cultures of the world as early as the nomads and ancient Greeks. Over the past
one hundred and fifty years women have made little gains in most science fields;
however, in times of war it was found that there was an increase in the number of women
working in labs. This increase would be short lived after the end of the wars (i.e., World
War I, World War II) and the return of the masses of men. When women were permitted
to work in science labs, they often worked in the organic sciences as opposed to the hard
sciences. Organic sciences were classified as biology, anatomy, and environmental
science and hard sciences were classified as chemistry, physics, and astronomy.
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Marie Curie was an instrumental figure in the movement to place women in the
physical sciences at the turn of the twentieth century (Des Jardins, 2010). She worked
alongside her husband Pierre Curie in their lab in Paris always standing in the shadow of
her husband. The inspiring thing about Pierre Curie was his constant attempts to give his
wife the credit that she deserved for their work in radioactivity. In 1903 the couple won
the Nobel Prize in physics with Henri Becquerel for their work with radioactive elements.
During this time members of the Academie des Sciences were pushing for the prize to be
presented to Pierre Curie and Henri Becquerel, excluding Marie Curie. Attempts to
exclude women from scientific accolades occurred frequently throughout history.
Women were permitted in labs, but they were often handed the leftover research
projects and the jobs that men did not want. Many women jumped at the opportunity to
work in the labs and worked long hours to allow for their own inquiry. At Harvard, many
women were hired as lab computers with duties that included record keeping and
equipment maintenance; however, much of the work done by these women turned out to
be research that led to ground breaking discoveries. Women that attempted to work in
masculine scientific fields (i.e., hard sciences) were often passed over even after years of
hard work and groundbreaking research. Cecilia Payne-Gaposchkin was no stranger to
this common practice while working in Harvard Observatory, although she along with
Annie Cannon were awarded positions as actual astronomers upon the arrival of the new
president James Conant (Des Jardins, 2010). Women accomplished great things in the
field of astronomy, while working as computers for their male counterparts. It is believed
that many female astronomers were not credited for their discoveries; instead the men
whom they worked for often took credit for their work.
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The tactics of male counterparts were not always as simple as excluding women
from deserved accolades, many times they organized smear campaigns to harm the
credibility of female scientists. A common tactic used by male scientists in regards to
smear campaigns included attacks on the maternal attributes of female scientists. In
regards to Marie Curie, an affair was fabricated when the Academie realized that even
after her husband's premature death, she would win another Noble Prize (Des Jardins,
2010).

Feminism
Feminism has been gaining momentum since the turn of the twentieth century.
Although there have been many gains for equity in education in general, there are still
subject areas as well as occupations that have made little progress regarding the inclusion
and participation of women. The primary theories that were prevalent in the realm of
feminism are empirical feminist theory, feminist standpoint theory, and postmodern
feminism (Harding, 1986). The theories were listed in the order in which they were
established because the others developed them each as a modified version of the prior or
the result of a perceived void presented by the previous theory. These theories all came
to be in the twentieth century and as such, much conflict still exists amongst theorists
concerning which ideology is best suited to provide women with equitable opportunities.
Harding (1991) stated that:
feminists (male and female) want to close the gender gap in scientific and
technological literacy, to invent modes of thought and learn the existing
techniques and skills that will enable women to get more control over the
conditions of their lives, (p. 5)
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Harding (1991) continued by stating that these feminist's objectives must take into
account the races and classes of women. These race and class interests were not always
aligned and agreed upon regardless of gender. First the actual Feminist Waves were
introduced, followed by a brief discussion of feminist empiricism theory, and postmodern
feminism. The discussion regarding feminist standpoint theory was more detailed due to
the theory's alignment with situated cognition.
Feminist Movements
The Feminist Movement occurred in three waves, primarily labeled by the years
in which they started and ended. In each wave there were key theories, philosophies, and
events that either started that particular wave or resulted from that particular wave. Each
of the feminist theories was embedded within the Feminist Waves and was instrumental
in the approaches and the outcomes. Each of the waves had different goals, leaders, and
approaches to reach these goals. It was mentioned that feminist empiricism, feminist
standpoint theory, and postmodern feminism were not aligned with each of the three
waves of feminism. In fact, feminist empiricism theory and feminist standpoint theory
both came into prominence during the second wave. Postmodern feminism was
embedded in the very beginning of the third wave and it is still debated as to the period of
origin of postmodern feminism.
Three Waves of Feminism
The first wave lasted from the turn of the twentieth century until the 1960's
coinciding with the height of the Civil Rights movement. The primary and most
historically noted outcome of the first wave of Feminist Movements was the passing of
the nineteenth amendment granting women the right to vote. This outcome was the direct
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result of the women's suffrage movement between 1866 until around 1920 when the
nineteenth amendment granted women the right to vote in the United States (Urban &
Wagoner, 2009). The Nineteenth Amendment seemed to be a step in the right direction in
terms of gender equity. The first wave was in place until 1960 when the second wave
feminists became prevalent.
Second Wave Feminism started in 1960 and was also known as the Women's
Liberation Movement. The Second Wave Feminists arose as a result of the climax of the
Civil Rights Movement combined with the 1963 release of "The Feminist Mystique" by
Betty Friedan (Urban & Wagoner, 2009). The First Wave Feminists laid the foundation
for gender equity; however, the Second Wave Feminists were no longer content with the
basic rights that the suffrage movement had granted them. The rise of feminist
empiricism theory came about in the early seventies. Feminist empiricists believed that
sexism is a social bias that can be corrected by strictly following the current methods of
scientific inquiry (Harding, 1986). Feminist empiricist theory did not address the
embedded bias in the content or in society. One of the positive developments during the
second wave of feminism was the passing of Title IX legislation in 1972, providing new
legislation regarding gender equity and inclusion. The passing of Title IX followed the
very ideology that was held by empirical feminism, if the rules are put in place and
strictly followed, then the gender inequities embedded in society will be corrected. In the
early 1980's, this assumption about the power of legislation gave rise to what Nancy
Hartsock coined feminist standpoint theory. Nancy Hartsock (1983) wrote an essay titled
"The Feminist Standpoint" where she further elaborated on the theory.
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Feminist Standpoint Theory
Feminist standpoint theory was presented due to its alignment with situated
cognition and later as part of the development of identity. One of the many definitions of
the feminist standpoint theory came from Harding (1986), whereby she firsts defined, "a
standpoint - a morally and scientifically preferable grounding for our interpretations and
explanations of nature and social life" (p. 26). This definition coincided with the
definition of situated cognition in that the learner constructs their own knowledge from
their culture. Harding (1991) described general standpoint theories as a mix between
sociology, psychology, anthropology, and history with epistemology. This mix reemphasized the importance of reviewing history as an important aspect of the
development of culture and its relation to history.
Postmodern Feminism and the Third Wave of Feminism
Third Wave Feminism came to be as a result of issues that some feminists had
with Second Wave Feminism and feminist standpoint theory (Harding, 1986). Many
Third Wave Feminists felt that Second Wave Feminists with their new feminist
standpoint theory were assuming that race and socioeconomic status were equal for all
feminists. Many Third Wave feminists considered themselves postmodern feminists and
were skeptical of "universal (or universalizing) claims about the existence, nature, and
powers of reason, progress, science, language, and the 'subject/self" (Harding, 1986, p.
28). She further explained issues that postmodern feminists had amongst themselves due
to the very foundation of their easily differing philosophies.
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Integration of Public Schools
There was much more to the integration of public schools than what was
documented in the Brown v. Board of Education ofTopeka (1954). In order to better
evaluate the integration of schools, it is important to look at other historical events that
led up to Brown v. Board of Education ofTopeka (1954). It is also important to look at
the aftermath of the results of Brown v. Board of Education ofTopeka (1954) and the
enforcement of integration by government agencies at every level. There were several
Supreme Court cases that were awaiting decisions when Brown v. Board of Education of
Topeka (1954) was eventually ruled upon (Urban & Wagoner, 2009).
Plessy v. Ferguson (1896) was the case that made "separate but equal" the law of
the land and in order for schools to be integrated this case would have to be overturned.
Urban & Wagoner (2009) reported that Harry Briggs of South Carolina had one of
several pending case regarding desegregation that reached the Supreme Court during the
1950's. Other cases regarding desegregation were from Kansas, Washington D.C.,
Delaware, and Virginia but the case that the Supreme Court opted to rule on was based in
Kansas. One of the strongest arguments against segregation in the Brown v. Board of
Education ofTopeka (1954) case came from the testimony of Kenneth B. Clark regarding
the damaging psychological effects of segregation on Black children (Urban & Wagoner,
2009). Finally in 1954 the Supreme Court ruled that separate educational facilities were
inherently unequal and the court used this case instead of the one based in South Carolina
to reduce the amount of political unrest that may have arose in the South as a result
(Urban & Wagoner, 2009).
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Immediately following the ruling, states in the Deep South vowed political and
public resistance to the integration of public schools. It was believed that Little Rock,
Arkansas would be more receptive to integration than other parts of the Deep South, but
the government did not realize the interconnectedness of the Southern States and the
political ramifications of leaders supporting Brown v. Board of Education of Topeka
(1954). Although the case made segregation illegal, public resistance, White flight,
delays in implementation, other court rulings, and alternate plans for integration delayed
this process. (Weinstein, Gregory, & Strambler, 2004). Outside of integration, the victory
of the plaintiffs in Brown v. Board of Education of Topeka was pivotal to the momentum
of the Civil Rights Movement (1954).
Self-identity Concept
Self- concept was a potential predictor of behavior that is based on individuals'
perception of whom they believe they are (Rosenberg, 1979). Identity had many aspects
in terms of an individuals' concept of their identity. Self-categorization theory had
individuals seeing themselves as unique from within the group, and social identity theory
had the individuals seeing themselves as affiliated with a social group that has a specific
identity (Schmader, 2002). Social identity theory was part of an individual's self-concept
and originated from a sense of group belonging (Ouwerkerk, Gilder, & de Vries, 2000).
Social identity theory complemented self-categorization theory based on the idea that
after individuals identified themselves as part of a group (social identity theory), they
categorized that part of their identity into a more complex multiple identity. Selfcategorization was affected by the context of each situation that an individual was placed
in. Schmader (2002) explained self-categorization using an example that included Asian
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American women and their perceived mathematics ability. She stated that these women
did better on a mathematics test after being contextualized as Asian and worse on a
mathematics test after being contextualized as women. This demonstrated the complexity
of an individual's identity due to the multiple identity subsets (i.e., gender, race) that
existed in the sample study.
Academic self-concept can be categorized as internal or external frames of
reference (Marsh & Hau, 2004). An external frame of reference was a student's
comparison of their own performance to the performance of their peers in a specific
subject area. Internal frames of reference were students' comparisons of their
performance in one class (e.g., mathematics) to their performance in another class (e.g.,
English). The external frames of reference could adversely affect students' academic selfconcept if they were performing below other students in a specific class. The internal
frames of reference were dependent upon which two subjects are being compared. Marsh
and Hau (2004) stated that a positive external frame of reference for math self-concept
would positively correlate to a positive external frame of reference in verbal self-concept.
They followed this analysis of the relationship between math self-concept and verbal selfconcept with an identical comparison using an internal frame of reference to find that
there was a negative correlation between math self-concept and verbal self-concept. In
other words, students that had a positive verbal self-concept from an internal frame of
reference would have a negative math self-concept.
Achievement was a factor that directly correlates to the development of a positive
self-concept and greater interest (Beier & Rittmayer, 2008). Udo, Ramsey, ReynoldsAlpert, and Mallow (2001) found that science anxiety was related to gender. This anxiety
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could become a potential deterrent for girls to major in physics. Anxiety was classified as
a factor that could potentially lead to a negative self-concept and decreased interest.
Hazari, Sonnert, Sadler, and Shanahan stated, "students' interests, motivations, and
beliefs about themselves have a far-reaching impact on their persistence and participation
in science" (2010, p. 979). There have been multiple studies that show positive
correlations between expectations for success and preferences of specific educational
tracks (Eccles, 1994).
Interest
If interest was the effect, then self-concept must have been the cause. Interest
judgments can dictate an individual's preference of one activity over another (Beier &
Rittmayer, 2008). Beier and Rittmayer (2008) believed that interest is a key factor in
academic success due to its positive correlation to effort. Interest in a content area was
categorized as academic interest, which would be the effect of an individual's academic
self-concept. Williams, Stanisstreet, Spall, Boyles, and Dickson (2003) found a negative
correlation between perception of difficulty and interest. This demonstrated that difficult
subjects tended to cause a student to develop a negative attitude about that subject (i.e.,
physics). Halpern (1997) added that interest and the willingness to learn a subject were
affected by prior knowledge. Additionally, science teaching must authentically engage
and be connected to the concerns of students or the result is a loss of student interest
(Reiss, 2004).
A modified curriculum was developed and implemented in a study done by
Haussler and Hoffman (2002) to improve the interest, self-concept, and academic
achievement for female students. The researchers evaluated the original curriculum for
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gender bias and modified the curriculum accordingly. After the development of the
curriculum and the training of the staff to properly implement the curriculum, an
intervention study was done to see if there would be a significant difference in female
self-concept, interest, and academic achievement for the re-written curriculum.
All students were given Likert scale surveys based on a five point rating system to
evaluate the affective domain (Haussler & Hoffman, 2002). Two sets of surveys were
given to evaluate the students school related and physics related self-concepts. The
school related self-concept survey used statements ranging from "I completely disagree"
to "I completely agree" and the physics related self-concept survey used statements
ranging from "very bad" to "very good".
Haussler and Hoffman (2002) evaluated the cognitive domain using a series of
exams. The first exam acted as a baseline pre-test with items from all of the content for
the year and was followed by exams given every eight weeks based on the content for
specific topics that were taught either with the new curriculum or the original curriculum.
The teachers gave a posttest at the end of the year consisting of questions from previous
tests. The teachers also gave the same post-test a year later as a follow up. The
researchers found that the affective domain was unchanged by the intervention for the
boys regarding their school and physics related self-concept. For the girls in the control
group, physics related self-concept was drastically lower than at the beginning of the
school year, compared to the girls that received the modified curriculum. The results of
the evaluation of the cognitive domain found that both boys and girls that received the
modified curriculum did much better on the exams than the control groups.
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Motivation
Interest and motivation were directly proportional to one another. The more
interest a student had in a subject area, the greater their motivation was to study that
subject area. Martinez (2010) defined motivation as "all factors and processes that lead to
a decision about a course of action or a goal" (p. 361). Ryan and Deci (2000) defined
extrinsic motivation as "a construct that pertains to whenever an activity is done in order
to attain some separable outcome" (p. 60). This type of motivation can be considered
inadequate under certain conditions when compared to intrinsic motivation (Ryan &
Deci, 2000). Intrinsic motivation caused individuals to attempt a course of action without
any external prompting or reward (Martinez, 2010).
Interest and enjoyment of an activity were often used to measure the level of
intrinsic motivation individuals had to participate in an activity (Ryan & Deci, 2000).
Individuals must be in situations that supported intrinsic motivation and stimulated
intrinsic motivation (Ryan & Deci, 2000). A major factor that had been found to
stimulate intrinsic motivation was the combination of competence, relatedness, and
autonomy (Ryan & Deci, 2000). In fact Guay, Ratelle, and Chanal (2008) found that
when students subscribe to autonomous forms of motivation, their grades were higher,
they were more persistent in completing tasks, they learned better, and experienced
positive feelings about school. These positive feelings caused students to gain positive
self-esteem causing the amygdala to become activated (Ross, 2010). The active amygdala
increased intrinsic motivation and enhanced the cognitive state. Willingham (2010) stated
that the production of the neurotransmitter dopamine after solving a problem could cause
feelings of pleasure. In terms of minorities and females there was a deficiency in

relatedness and competence in the physics classroom that created situations that did not
promote self-esteem or enhance cognition.
Attribution theory was an internal cognitive aspect concerning individuals' beliefs
about the cause of their success or failure (Assessing Women in Engineering, 2005).
Attribution theory had a direct effect on an individual's motivation; therefore, affecting
their interest. The attributes to success and failure tended to be different for men and
women (Felder, Felder, Mauney, Hamrin, & Deitz, 1995). These researchers found
women and men had inverse beliefs about attributes regarding their success and failure in
the engineering program in which they were enrolled (Felder, et al., 1995). Women
tended to believe that if they did well, it was due to hard work or external sources of
assistance, but if they did poorly it was due to their lack of natural talent. Men believed
that their success was based on their natural abilities and if they were to fail it was only
because they did not put forth enough effort or receive enough external help.
Parental Influence
In regards to contextualized activities, female students preferred tests that were
decontextualized, which is indicative of their low self-efficacy (Park & Lee, 2004) due to
a lack of experience. This may be due to the very nature of gender roles within the
family. Halpern (1997) evaluated the different ways in which parents socialize their sons
compared to their daughters. Skaalvik and Skaalvik (2002) stated that self-concept is
largely impacted by "reflected appraisals from significant others" (p. 234). Bachman,
Hebl, Martinez, and Rittmayer (2009) reviewed literature and research that discussed
girls experience in STEM classrooms. Bachman, Hebl, Martinez, and Rittmayer found
that parental influence was a factor that was instrumental in the development of interest

in a certain disciplines (2009). Jacobs, Chhin, and Bleeker (2006) stated that the parent
socialization model had a substantial impact on children's choices in terms of
achievement. The parent socialization model was explained as beliefs of the parent that
"influence parenting behaviors and expectations" (Jacobs et al., 2006, p. 396). These
beliefs tended to influence the education and occupational choices of the children.
Parents also tended to have gender-typed expectations and as a result gender-typed
behaviors. This gender typing was confirmed by research that stated parents tend to buy
more mathematics and science-related items for their sons as opposed to their daughters
(Jacobs et al., 2006).
Role Models
Parents were not the only influence in promoting mathematics and science to
girls. Female role models have been found to have a positive impact on girls when the
role models identified themselves as competent in the field of mathematics (Marx &
Roman, 2002). Marx and Roman further reported that when the test was given to the
participants by a female experimenter there was positive impact on the results of the
girls' scores (2002). Role models contributed to the self-reflection and motivation of
individuals that cared about the area in which they positively represented (i.e.,
mathematics and science). Marx and Roman (2002) developed three criteria that must be
met in order for a female role model to have a positive impact on a girl's mathematics
test performance:
1.

The individual must see the role model's achievement as reachable.

2.

The role model must be seen as psychologically and physically similar to
the individual.
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3.

The individual needs to value their performance in the subject area.

Teacher and Classroom Interactions
Seymour (1995) found that male peers believed that girls could not be good at
STEM, and if by chance they were, then they were considered unattractive. This pre
conceived notion contributed to stereotype threat because girls were not stereotyped as
being good at STEM. The unattractive stereotype that resulted from doing well in a
STEM subject could intensify the anxiety that girls experienced in STEM classes. Prior
research suggested that the role of teachers greatly contributed to the unwelcoming
climate that girls experienced in the classroom (Klein & Ortman, 1994). In fact, teacher
interaction was found to be more frequent and constructive for boys than girls in STEM
classes (Seymour, 1995). Two interactions were acceptance-intellectual interactions
(student gives a correct answer but is asked to elaborate intellectually) and criticismintellectual interactions (negative analysis of response), both of which were found to be
more frequent for boys than girls in STEM classes. Teachers have been found to be more
critical of male students even when they were correct, which indicated that they had more
criticism-intellectual and acceptance-intellectual interactions with these students
compared to their female counterparts.
Beisser (2006) suggested that girls needed to be exposed to computers at an early
stage to encourage the use of technology and higher order thinking. The other benefit of
having this technology readily available early on was it helped reduce the establishment
of gender identities in the classroom. Beisser (2006) added that children were naturally
curious and asked questions; however, the way that the teacher answered these questions
dictated whether or not the child continued to be curious as well as the quality of the
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questions they proposed. In addition, clarity was key to a child staying curious and
Beisser added that teachers must provide "a clearly defined initial situation, a clearly
defined goal (a desired end situation), a clearly defined set of resources, and ownership to
use knowledge, skills, and energies to achieve the desired final goal" (p. 9).
Beisser (2006) continued the discussion of gender gaps by adding constructivist
strategies to include more hands on activities to aid in the development of student
ownership of knowledge. Beisser's study included students in grades one through five
using the computer language Logos to program structures they made from Legos®.
These students were given a four point Likert scale survey to measure their attitudes
about the use of technology, followed by an interview. The results of the surveys varied
depending on the way in which the questions were used. Based on the surveys, boys
thought that they were better at using computers and more likely to use computers;
however, girls did not agree with the boys.
The qualitative portion of the study exposed through observation that even when
girls were using Legos to construct structures these structures were stereotypical (i.e.,
houses, social structures). The teachers addressed this behavior by prompting the girls to
build structures that moved. The boys constructed moving structures without being
prompted to do so. Other observations reported that girls referred to the direction manual
more frequently than boys and spent more time on written reflections and procedures to
document what they had done for the day. The qualitative data was used to come up with
some strategies to promote gender equity in the classroom, two of which included
"specific female encouragement" and "whole group talks on gender diversity and/or
individual differences" (Beisser, 2006, p. 14). The final reports from this study stated that
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girls benefited greatly from this arrangement and the discovered strategies. Not only did
girls benefit from this arrangement, but the boys also benefited. Beisser (2006) concluded
by stating girls gained confidence and as a result of this newly developed confidence,
they were less likely to be marginalized in the future regarding the use of technology.
Pedagogical Nature and Learning Styles
Brickhouse (2001) argued that scientific knowledge (like many other types of
knowledge) was based on the gender and racial philosophy of the society in which it is
situated. It is gendered knowledge as well as other factors that reduced female interest in
STEM, which included the pedagogical nature of science and mathematics classes
(competition based, ranking, and less interaction). Bachman, Hebl, Martinez, and
Rittmayer (2009) added a very interesting point on learning styles by stating that boys
were more likely to develop an incremental approach and girls were more likely to
develop an entity approach. The entity approach led girls to believe that their
performance was based on a "set amount of intelligence," making them incapable of
rising to a higher level (p. 2). The incremental approach led learners to think that if they
did not do well on an assessment that they must work harder and try again. STEM fields
were the most challenging in that they led learners to experience more failure before
success. Students must expect to have some success and value the content in order to
stimulate and maintain their interest (Else-Quest, Hyde, & Linn, 2010).
Molden and Dweck (2006) further supported the idea that females had a more
entity approach, but coined it as a fixed mindset and males tended to have a more
malleable approach called a growth mindset. Molden and Dweck (2006) added that
students with a fixed mindset were likely to show a decline in confidence due to the
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belief that the content would come more readily if they were intelligent. This further led
students to withdraw from attempting to gain the content because of a belief that if they
did not understand the subject area in the present, they would not understand it in the
future either. This study was specific to females in STEM fields and may not be
applicable in other fields of study or affect the performance of females in fields outside of
STEM. These mindsets were beliefs that were connected to a student's approach to
learning. Good, Rattan, and Dweck (2012) added to the body of research by stating that
classrooms that promoted a growth mindset helped females avoid stereotypes that
promote the idea that boys were naturally better at mathematics than girls.
Brickhouse (2001) stated that situated learning theory was most beneficial to girls
when learning science. Brown, Collins, and Duguid (1989) defined situated learning
theory or situated cognition as the idea of learning content in a context that was
applicable to the learner in a real world situation. Brickhouse applied this definition to
state that if knowledge was situated in a contextual frame, then this knowledge must then
by proxy reflect the cultural philosophy of the society in which it was situated (2001).
The author continued to argue that situated cognition had similar attributes to feminism
epistemologically speaking. The shared attribute of situated cognition and feminism was
the rejection of Eurocentric values.
Situated Cognition
Bruner (2009) used the term culturalism to explain that the mind could not exist
without the culture that it was situated within. Symbols for a cultural group represent the
real world to that group and were passed along from one generation to the next. These
symbols were representations of that cultural group's identity. Many theorists have
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classified situated cognition as an anthropological aspect of learning theory (Martinez,
2010). This theory encompassed not only the content but also the context of the culture
and how cultural practices, expectations, and language effected learning and cognition.
The very culture that was embedded in the content of each subject area (i.e., mathematics,
science, language arts, social studies) affected the cognition of cultural groups and their
identity. Educational and psychological theorists were very interested in the transfer of
knowledge and it was found that situated cognition could have an instrumental impact on
the transfer of knowledge.
There were several types of transfer ranging from positive and negative to
horizontal and vertical transfer (Martinez, 2010). Multiple types of transfer were put in a
frame of reference to situated cognition. The relationship between positive transfer and
negative transfer determined whether or not knowledge in one area helped (positive) or
harmed (negative) the learner in another area. In the example of the physics classroom,
there could be a positive transfer between students with strong mathematics skills and
their ability to solve physics problems.
Science Agency and Cultural Production
Basu, Barton, Clairmont, and Locke (2009) stated that science agency was
partially responsible for the development of an individual's identity. An individual that
viewed the world with critical science agency was one who:
both views the world with a critical mindset and envisions how to advance the
world or change the world into a more socially just and equitable place with and
through science, while considering oneself as powerful scientific thinker and doer
of science. (Basu et al., 2009, p. 345)
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Carlone and Johnson (2007) stated that a student's agency was insignificantly considered
in cases where a marginalized student was successful in a science course. Students
becoming change agents was one of the most important contributions of education (Basu
et al„ 2009).
Cultural production was defined as "meanings developed by groups in their
everyday activities" (Eisenhart & Finkel, 1998, p. 44). An instructor could use cultural
production to understand how the learner interpreted the content (Carlone, 2004).
Cultural production could also be a potential factor in understanding the mechanism in
place that learners used to construct their value and belief systems, which were based on
the sociohistorical meanings in specific community. Cultural production aligned with
practice theory, which was defined as "an evolving perspective in cultural anthropology
that focuses on the ways in which people, in their daily practice, make meaning in a such
a way as to reflect and/or counter larger social structures" (Carlone, 2004, p. 396).
Ginev (2008) argued, "scientific research cannot be dissociated from its gendered
rhetoric" (p. 1154). This statement summed up the authors literature concerning the
development of gendered identities in a scientific context. The basis for the argument was
that developing identity was a multi-dimensional action with gender, culture, and science
identity developing simultaneously. The relation of this article to cultural production was
done by using of metaphors to explain complex science concepts in the context of this
identity development. Scientists naturally used metaphors in narratives to define their
empirical research or observations. These metaphors in turn resulted in the development
of gendered rhetoric. Science is cumulative in nature, with the current research being the
partial product of prior research. The next analytical step was to explore who was
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responsible for the prior research. The history of science education and research as well
as masculine gender typing as a consequence of this history, had led the culture of
science to inherently become associated with a masculine identity.
Stereotype Threat
Spencer, Steele, and Quinn defined stereotype threat (1999) as "the experience of
being in a situation where one faces judgment based on societal stereotypes about one's
group" (p. 5). Schmader (2002) defined stereotype threat as a situation whereby
individuals do not perform to their potential on a task because of their recognition of a
negative stereotype of their group. Aronson, Quinn, and Spencer (1998) added that
stereotype threat caused anxiety regarding academic achievement because the effected
individuals feared performing poorly. They added that stereotype threat was debilitating
to these individuals. Females were vulnerable to stereotype threat in areas that were
considered masculine by nature (Davies, Spencer, Quinn, & Gerhardstein, 2002). Davies
and colleagues asserted that stereotype threat could be even more detrimental in instances
where ideomotor theory came into play. Ideomotor theory was described as automatically
acting out in a certain manner without consciously attempting to do so (Davies et al.,
2002). Pairing ideomotor theory with stereotype threat could potentially cause individuals
to behave according to their supposed stereotype without consciously doing so. Schmader
and Johns (2003) found that stereotype threat could actually produce situations that
diminished the working memory capacity. Additionally Stangor, Carr, and Kiang (1998)
found that stereotype threat significantly reduced task performance expectations even
when individuals received positive feedback on their performance.
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There were two primary negative stereotypes regarding females' abilities in
mathematics and science. The first stereotype was that males are better at mathematics
than females, and the second is that males were more suited to be scientists than females.
These negative stereotypes led to several obstacles regarding females' performance in
mathematics and science classes. Stereotype threat negatively impacted female students
performance compared to their male counterparts even when they had an equivalent
mathematics background (Quinn & Spencer, 2001). Nguyen and Ryan (2008) stated that
even when females felt strongly connected to mathematics and believed that they were
good at mathematics; they were still vulnerable to stereotype threat.
Huguet and Regner (2009) defined stereotype threat as the threat of being
negatively stereotyped. Stereotype threat could have adverse effects on students even
when they were highly qualified to do the task. Huguet and Regner pointed out that
students did not need to be consciously aware of a negative stereotype to be negatively
affected by it (2009). They highlighted their interpretation of stereotype threat in a study
that used middle school boys and girls in a setting where they had to reconstruct an
identical figure on paper. Depending on which group they were put in, students were told
it was either a geometry or drawing task. Students in each group were shown a detailed
geometric figure for ninety seconds and then were given five minutes to reconstruct the
figure.
After the completion of the tasks, there was an analysis of performance by girls
and boys based on if they were told the task measured drawing or geometry (Huguet &
Regner, 2009). Girls outperformed boys if they were told it was a drawing activity;
however, boys outperformed girls when the activity was labeled geometry. Students were
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also given a brief survey about their perceived performance (1-5 Likert) on a geometry
task, and the researchers found that boys thought they were better at geometry
(stereotypic claims) and girls thought that they were better at geometry (counterstereotypic claims). Huguet and Regner (2009) ultimately concluded that even when
counter-stereotypic beliefs are established there was no guarantee that young girls would
avoid encountering stereotype threat.
Spencer, Steele, and Quinn (1999) stated that for stereotype threat to have an
effect on a girl's performance that the test must be difficult. This phenomenon
contributed a potential cause for girls shifting their interest away from mathematics and
science as they progressed from grade school to secondary school. Quinn and Spencer
(2001) noted that in elementary and middle grades, girls outperformed boys on
mathematics number problems and were equally successful on mathematics word
problems. Quinn and Spencer (2001) expanded upon this by adding that as these girls
moved into high school they did not perform as well as boys on word problem tests, even
though they matched the boys on problems that were strictly numeric in nature.
Gonzales, Blanton, and Williams (2002) continued the discussion of stereotype
threat by adding that if an individual was part of more than one stereotyped group that
there was a chance that this could have an even greater impact on their performance of a
related task. The researchers coined the term "double minority" to describe a
psychological situation that was created when two undervalued identities had a greater
impact on an individual than the individual identities that made up the pair. They
specifically looked at the potential effect of stereotype threat on the test performance of
Latina women (Gonzales et al., 2002). After the procedure and analysis it was found that
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Latina women experienced a greater stereotype effect based on their gender than White
females. This finding does prove that belonging to two groups that are negatively
stereotyped can have a more adverse effect on performance than belonging to just one
negatively stereotyped group.
Power and Status
The issue of male dominance in physics classes was found to be an issue that not
only affected the United States but also was also prevalent in the majority of other
countries in the world (Lorenzo, Crouch, & Mazur, 2006). Power and status were
selected as a summative piece to the review of literature because they were directly
related to self-concept and stereotype threat. Wenger (2009) proposed a social learning
theory that connected an individual's identity in the context of learning to the group or
community in which they learn. This theory emphasized the interconnectedness of the
individual's identity to the community of practice. Social learning theory was further
clarified by Lave, stating that learning is a socially situated activity (2009). Steele,
Spencer, and Aronson (2002) explained the relationship between stereotyping and
identity by summarizing that stereotyping could effect the actual constitution of an
individual's personal and social identity. For example, working in heterogeneous groups
was proven to produce an environment where stereotype threat caused female subjects to
perform significantly worse on a mathematics test than if they had been in a homogenous
group (Inzlicht & Ben-Zeev, 2000).
Historically gender has been connected to actual and perceived social power
(Dovidio, Brown, Heltman, Ellyson, & Keating, 1988). Power and status were evaluated
by looking at the contexts of verbal and non-verbal communication between men and
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women (Dovidio et al., 1988). It was found that talking was directly proportional to
power and the perception of competence. The researchers noted this connection between
speaking and power was classified as behavior that was the result of expectation states
theory. Expectation states theory was defined as the process of how people working in a
group evaluated each other's competence and credibility (Berger, Wagner, & Zelditch,
1985). This evaluation can be constructed from the physical characteristics (e.g., gender,
ethnicity) that existed within the group as well as the prior experience that individuals in
the group had doing the task. According to Berger, Wagner, and Zelditch (1985) the very
nature of the expectation states theory created inequality within task-oriented groups.
Expectation states theory was also found to be a contributor to the phenomenon
commonly referred to as self-fulfilling prophecy (Rosenthal & Jacobson, 1968).
Carli (2001) expanded the expectation states theory to analyze the power and
status differences that existed between men and women when working in heterogeneous
groups. This analysis of differences in power and status while working collaboratively
demonstrated that men exerted more influence than women in these heterogeneous
groups. It was also found that having an equal or greater number of women in
heterogeneous working groups could diminish the influence that men had on these
groups. Men were found to have a greater influence on group work than women even
when they were less represented. From these findings, Carli concluded that men had a
higher external status than women and this enabled them to exert their perceived power
on the group (2001). Perceived competence was evaluated based on gender and actual
speaking. Based on this evaluation, the researcher deduced that women were perceived as
less competent than their male counterparts even when they spoke articulately. Carli
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described speaking articulately as talking quickly without errors, pausing, and stuttering
(2001). Lastly, Carli discussed the amount of influence that women had when adding
distinctive, relevant information to a group task (2001). When women contributed
distinctive, relevant information to a group task, their influence remained uniform;
however, when men contributed the same kind of information in a group task, their
influence increased. Meeker and Weitzel-O'Neill (1977) concluded that assertive
behavior in group work was more likely to be accepted when coming from men than
women.
Carlone (2004) recommended using practice theory to evaluate the setting for
science learning in order to challenge social and historical legacies of science. Eisenhart
and Finkel (1998) defined practice theory as the combination of cultural production and
situated learning. Carlone (2004) added to the body of work about the importance of
gender equity when working in groups by stating that new identities could develop as a
result of taking on new roles in the learning community. Tolmie and Howe (1993) found
that mixed group dynamics were significantly different than homogeneous group
dynamics because in mixed groups males were more restrained in regards to dominant,
assertive behavior. Finally, women reported they felt their contributions were diminished
by male counterparts when working in cooperative, mixed groups (Assessing Women in
Engineering, 2005).

CHAPTER 3
METHODOLOGY
Introduction
Women, specifically minority women, are under represented in fields of science,
technology, engineering, and mathematics (STEM) (Blickenstaff, 2005). The purpose of
this study was to evaluate the attitudes of minority female students regarding their
performance in physics classes. All throughout history, there has been a scarcity of
female students that have chosen physics or engineering as a major (Schneider, 2001).
Physics courses have deterred female students from majoring in physics or engineering
(Schuck, 1997; Udo, Ramsey, Reynolds-Alpert, & Mallow, 2001). Haussler and Hoffman
(2002) evaluated and modified the written structure of the physics curriculum to help
improve female students' interest in physics. Additional research has assessed the ways
that gender influenced the learning of physics as well how gender affected the desire to
study physics. This study focused on the differences in attitudes of minority females and
other subgroups including White males, females, Asian males, Asian females, and
minority males (Black and Hispanic). Black and Hispanic females were classified as
minority females for the purposes of this study. The methodology was arranged based on
the quantitative and qualitative methodology approaches of this mixed method study. The
mixed method approach was sequential in nature, with the quantitative data being
collected before the qualitative data. The design of the mixed method was transformative
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in nature due to the application of a feminist theoretical lens (Creswell & Piano Clark,
2010). The qualitative methodology was a transcendental phenomenology that focused on
the "description of the experiences of the participants" (Creswell, 2007, p. 59). This
enabled me to take a more objective approach to the coding of data. The quantitative
methodology was in one section of the chapter 3, while the qualitative methodology was
placed in a separate section of chapter 3. The research questions are the first subheadings
under each section (quantitative and qualitative) because each portion of the mixed
method has different research questions that contribute to a larger body of knowledge
based on the sampling. For each of the research questions, there are subquestions that
are written based on the categories from the Colorado Learning Attitudes about Science
Survey (CLASS) (Appendix A). The quantitative method section includes the
quantitative research questions, null hypotheses, information on the CLASS, quantitative
sample, data collection, and data analysis. The qualitative method section follows the
quantitative method section and includes the qualitative research questions. Afterwards
there is a brief overview, a qualitative sample section, a data collection section, and a data
analysis section. Formatting the chapter in this manner allows me to demonstrate
triangulation as well as summarize the mixed method analysis.
Population
The study was conducted at a suburban high school in a county in the
Southeastern United States. The school's population size was 1400 with the demographic
make-up consisting of 8% Asian, 59% Black, 9% Hispanic, 19% White, and 4% Multi
racial. The school's other subgroups included students with disabilities 8%, Limited
English Proficiency 3%, and eligible for free/reduced meals 38%. The numbers for the
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county were somewhat different than that of the school. There were roughly 13,000
students enrolled in eleven high schools located in the county. The demographic make up
for the county consisted of 3% Asian, 45% Black, 7% Hispanic, 41% White, and 4%
Multi-Racial. The county's other subgroups included students with disabilities 12%,
Limited English Proficiency 3%, and eligible for free/reduced meals 44%. The samples
used for each methodological approach were different. All students enrolled in physics
were given informed consent and assent forms. Students were informed that if they
wanted to voluntarily participate in the study they would be required to sign the assent
form and their parent or guardian would be required to sign the informed consent form.
They were also informed that there would be no penalty for opting not to participate.
Timeline
The interview questions were piloted in December 2010 after coding for themes
were found to be useful. The CLASS instrument was administered to all students taking
regular physics, honors physics and AP physics B in the fall of 2011. The data from the
CLASS instrument was put into Statistical Package for the Social Sciences 20 (SPSS)
and analyzed in April 2012. The analysis of the quantitative data was used separately
from interview selection, due to the specificity required for the sample. The interviews of
five black females were completed by the second week of April 2012 with the data
analysis to follow. The transcribed interviews were coded and analyzed for common
themes. The analysis of both the quantitative and qualitative data was completed before
the second week of May of 2012.
Overarching Research Question
What are attitudes about high school physics in relationship to gender and ethnicity?
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Quantitative Methodology
Quantitative Research Questions
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for gender and physics attitude
when controlling for ethnicity?
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for gender and real world
connections to physics when controlling for ethnicity?
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for gender and personal
interest in physics when controlling for ethnicity?
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for gender and sense
making/effort in physics classes when controlling for ethnicity?
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for gender and problem
solving confidence in physics classes when controlling for ethnicity?
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for ethnicity and physics
attitude when controlling for gender?
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Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for ethnicity and real world
connections to physics when controlling for gender?
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for ethnicity and personal
interest in physics when controlling for gender?
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for ethnicity and sense
making/effort in physics classes when controlling for gender?
Is there a statistically significant difference in the mean score on the Colorado
Learning Attitudes about Science Survey (CLASS) for ethnicity and problem
solving confidence in physics classes when controlling for gender?
Is there a statistically significant gender by ethnicity interaction on the Colorado
Learning Attitudes about Science Survey (CLASS)?
Is there a statistically significant gender by ethnicity interaction on the Colorado
Learning Attitudes about Science Survey (CLASS) in the context of Real World
Connections?
Is there a statistically significant gender by ethnicity interaction on the Colorado
Learning Attitudes about Science Survey (CLASS) in the context of Personal
Interest?
Is there a statistically significant gender by ethnicity interaction on the Colorado
Learning Attitudes about Science Survey (CLASS) in the context of Sense
Making/Effort?
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d. Is there a statistically significant gender by ethnicity interaction on the Colorado
Learning Attitudes about Science Survey (CLASS) in the context of problem
solving confidence?
Null Hypotheses
1. There will not be statistically significant difference in the mean score on the
Colorado Learning Attitudes about Science Survey (CLASS) for females
compared to males when controlling for ethnicity.
2. There will not be a statistically significant difference in the mean score on the
Colorado Learning Attitudes about Science Survey (CLASS) for minorities
(Hispanic and Black) compared to other subgroups (White and Asian) when
controlling for gender.
3. There will not be a statistically significant gender by ethnicity interaction on the
Colorado Learning Attitudes about Science Survey (CLASS).
Colorado Learning Attitudes about Science Survey
The CLASS consisted of 42 different statements divided into eight different
categories (Adams, Perkins, Podolefsky, Dubson, Finkelstein, & Wieman, 2006). The
statements were rated on a five point Likert Scale with one being strongly disagree and
five being strongly agree. The factors within the CLASS included Real World
Connections, Personal Interest, Sense Making/Effort, Conceptual Connections, Applied
Conceptual Understanding, Problem Solving General, Problem Solving Confidence,
Problem Solving Sophistication, and Not Scored. For the purpose of this study the only
factors that were scored were Real World Connections, Personal Interest, Sense
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Making/Effort, and Problem Solving Confidence. The factors in the CLASS were found
to be robust and can be used independently.
Adams and colleagues checked the CLASS for face validity, construct validity,
predictive validity, and concurrent validity. Face validity was established by
interviewing physics instructors and other experts as well as students to ensure that the
survey statements were clear. Additionally the physics instructors and experts were
given the survey for content analysis. Construct validity was established by giving the
survey to several thousand students followed by doing a statistical analysis of responses.
Factor analysis was done to establish and validate the categories within the survey.
Predictive validity was verified by correlating the survey to students pre-determined
beliefs about physics and prior performance in physics classes. Concurrent validity was
found by analyzing the responses and comparing them to specific expected outcomes for
different participants (i.e., physic majors responses compared to non-physics majors
responses). The value of Cronbach's a for test-retest reliability was found to be .98 for
agree and disagree responses and .88 for neutral responses. The reason that the neutral
response had a lower value for Cronbach's a than agree and disagree responses was
because there were several possible reasons that participants marked certain statements
neutral.
Quantitative Sample
For the quantitative portion of the study, all students taking Advanced Placement
Physics B, honors physics, and regular physics were given the Colorado Learning
Attitudes about Science Survey (CLASS). One hundred and thirty students took the
CLASS out of the 150 students that were eligible to take the CLASS. The demographic
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breakdown of this sample of 130 guaranteed at least ten students in each subgroup; male,
female, Asian, minority (Black and Hispanic), White, minority female (Black and
Hispanic, Asian female, white female, minority male (Black and Hispanic), Asian male,
and White male.
Quantitative Data Collection
The methodological approach to this study was mixed method in nature. The
approach of the mixed method was classified as a sequential transformative strategy by
which the quantitative data was collected first, followed by the qualitative data, and
finally analysis was done with a feminist theoretical lens (Creswell & Piano Clark, 2010).
The Colorado Learning Attitudes about Science Survey (CLASS) was given to 130
juniors and seniors taking regular physics, honors physics or AP physics B. The data was
put into Statistical Package for the Social Sciences 20 (SPSS) to prepare for analysis.
Quantitative Data Analysis
Data analysis was done categorically with the use of SPSS 20. CLASS survey
responses were organized as follows: Males compared to females, minorities (Hispanic
and Black) compared to other ethnicities (White and Asian), and I checked for a gender
by ethnicity interaction. Each group was compared to see if there was a statistically
significant relationship between responses that measured Real World Connections,
Personal Interest, Sense/Making Effort, Problem Solving Confidence, and Problem
Solving Sophistication using multivariate analysis of variance (MANOVA). Field (2009)
recommends MANOVA for situations where there are several dependent outcome
variables. The CLASS had multiple categories and was scored by each category to see if
there was a statistically significant relationship between each of the categories (i.e., Real
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World Connections, Personal Interest, Sense Making/Effort, and Problem Solving
Confidence). There was not a statistically significant difference for the categories (e.g.,
Real World Connections versus Problem Solving Confidence), so it was not necessary to
individually compare the categories using a multiple regression to measure the degree of
difference between the groups. Following the statistical analysis of the survey, interviews
were conducted with five Black female students enrolled in advanced physics classes (AP
Physics or honors physics). These interviews coupled with the statistical analysis of the
CLASS will compliment each other and triangulate the data.
Statistical Assumptions
1 rejected the null hypothesis if the p value for the mean score of females on the
CLASS is .05 or less (or the confidence interval of the parameter does not include zero).
I rejected the null hypothesis if the p value for the mean score of minorities (Black &
Hispanic) on the CLASS is .05 or less. I rejected the null hypothesis if the p value for the
mean score of minority females on the CLASS is .05 or less (or the confidence interval of
the parameter does not include zero). Field (2009) states that the assumptions for
MANOVA are the same as the assumptions for ANOVA extended to the multivariate
case:
1. "Observations should be statistically independent" (p. 609).
2. "Data should be randomly sampled from the population of interest and measured
at the interval level" (p. 609).
3. "The dependent variables (collectively) have multivariate normality within
groups" (p. 609). Since multivariate normality cannot be tested, Field (2009)
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recommends univariate testing of normality. Normality will be tested using a
Kolmogorov-Smirnov test.
4. Homogeneity of variance exists for each of the dependent variables, and "that the
correlation between any two dependent variables is the same in all groups" (p.
609). This was checked using variance-covariance matrix. In order to do this Field
(2009) states that Levene's test as well as Box's test should be used.
Assumptions 1 - 4 above can be confirmed by looking at the data set or by what we
know from data collection or theory; therefore, I assumed these to be true. If the results
of Levene's test were greater than .05,1 assumed that the data are dependent based on
what I know about how the data were collected (i.e., one participant's score is not
dependent on another participant's score). I assumed that the data were measured at the
interval level. I assumed that the normality assumption had been met if there were equal
group sizes or a visual analysis of the data indicated normality or group sizes were larger
than 30. If the criteria above were not met, a Kolmogorov-Smirnov test was run for each
group. I assumed normality if p value of the Kolmogorov-Smirnov test was greater than
.05.
Qualitative Methodology
Qualitative Research Questions
1. What is the essence of minority females' attitudes about taking physics classes?
a. What are minority females' beliefs about the real world connection to physics?
b. What are minority females' beliefs about their personal interest in physics?
c. What are minority females' beliefs about their abilities to solve physics
problems?
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Brief Overview
The qualitative methodology supported the data that was obtained from the
quantitative portion of the study. The qualitative research questions were used to provide
an explanation of the mean differences in the CLASS score between minority females
and other subgroups from the perspective of the participants. The factors contained in the
CLASS were used to formulate the qualitative subquestions. The quantitative portion of
the methodology demonstrated differences in attitudes of male and female students as
well as minorities (Black and Hispanic) and other subgroups (Asian and White)
concerning physics content. The last quantitative analysis was used to evaluate the
Gender*Ethnicity interaction. These analyses demonstrated a difference; however, the
qualitative piece was necessary to gain perspective on why these differences existed from
the perspective of the marginalized group (i.e., minority females). The qualitative
approach was classified as a phenomenology because minority girls had common
negative experiences and perspectives regarding the physics classroom. Creswell's
(2007) literature on qualitative research design stated that a phenomenological study was
situated from a psychological and philosophical perspective. The review of literature
primarily discussed psychological theories (i.e., self concept, stereotype threat, group
interactions) as well as philosophical perspectives (i.e., feminism and critical race
theory). Creswell (2007) defined a phenomenology as "the meaning for several
individuals of their lived experiences of a concept or a phenomenon" (p. 57). The concept
was the subject area (i.e., physics) and the common experience was marginalization and
dislike of the subject. A psychological phenomenology was done in order to "focus more
on a description of the experiences of participants" (Creswell, 2007, p. 59). Moustakas
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(1994) added "in phenomenology, perception is regarded as the primary source of
knowledge, the source that cannot be doubted" (p. 52). The interview questions were
intended not only to verify that a phenomenon in the physics classroom existed amongst
minority females, but the interviews were also intended to triangulate the quantitative
results. It was important to explore the idea that having two stereotypes that correlate
with poor attitude in physics classrooms may have had an even greater effect than gender
or ethnicity alone.
Qualitative Sample
The qualitative portion of the study included guided interviews of five Black
female students. Criterion sampling was done for selection of participants for interviews
because the qualitative portion of the study was a phenomenology. The group selected for
interviews had the common of experience of being female minorities that took either
honors physics or AP physics B. The size of the sample and the sampling method were
done because the interviews required for a phenomenology produced responses that
provide a detailed description of a shared experience (Creswell, 2007). For the qualitative
sample in this study, Black and Hispanic females were classified as minorities. The data
from the quantitative portion did not demonstrate that there was a statistically significant
difference in ethnicity so other subgroups (Asian and White) were not included in the
criterion sampling for interviews.
Qualitative Data Collection
A pilot study was conducted in December 2010 using eight interview questions
regarding class choice and perceptions about physics and other high level classes
(Appendix B). Interviews were recorded and transcribed for coding. Noteworthy

statements and recurring themes were coded to find common experiences of minority
girls in physics classes. Moustakas (1994) called this search for noteworthy statements
horizontal ization and the analysis of recurring themes clusters of meanings. I also looked
back on the past experiences of minority girls that took his physics classes to gain insight
for coding the interviews. The pilot study was used to ensure that the interview
questions were clear and provided proper feedback. From coding the pilot interviews I
found the pilot questions to be useful for this study.
For this study, I interviewed five Black females in April 2012 using the questions
that had already been piloted. I analyzed the interviews with minority females along with
the literature review to provide a detailed description of the experiences of minority girls
in physics classes. In addition to the questions that I found to be useful from the pilot
study, other questions were asked that supported the findings from the quantitative
methodology in order give a more detailed description of the attitudes of minority
females taking advanced physics classes.
A digital recording device was used to individually interview the participants in
the physics classroom to reduce the potential effects of peer influence on their responses.
Member checking was done to ensure that statements from the participants were correctly
interpreted. Member checking was done by adding follow up questions to provide clarity
regarding participants' statements. For example, if participants gave a one word answer,
I would ask them what they meant by that or to provided examples. Additionally, I had
multiple informal conversations with participants after the interviews to ensure that the
data was interpreted correctly. The member checking and post-interview conversations
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provided credibility to the data. The data were transcribed from the digital recording
device to Microsoft Word and printed for coding.
Qualitative Data Analysis
After the interviews were transcribed, pertinent comments were highlighted. In
order for a statement to be considered pertinent it had to be aligned with concepts found
in the review of related literature. After all the data was transcribed and color-coded I
looked for recurring themes in the context of attitude, identity, status, stereotype, interest,
and real world connections. For organizational purposes, identical or related responses
were tallied in the margins of the coded interviews to keep up with frequencies. After the
common responses were tallied, the questions were written on a new page and the actual
responses were written under each question. For dependability purposes, I was the only
person that interviewed participants and coded the data. Additionally the data collection
was done in the same setting, at similar times, with no other participants present and the
coding of the data was done in the same manner for all participants. I was able to come
up with clusters of meaning more efficiently because sometimes the participants had
synonymous responses (Creswell, 2007). I also acknowledged that common themes could
emerge in the informal portion of the interview. Some of the participants would
inadvertently answer questions that were asked earlier in later portions of the interviews.
It may be noted that the participants were more willing to talk about subjects when they
did not feel that the interview was formal.
Summary
The sequential transformative strategy was used in order to organize the data and
triangulate the results. The quantitative method was done first to establish a difference in
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the mean scores of minority females and other subgroups. In order to better understand
the gender by ethnicity interaction for attitude in the context of Real World Connections,
Personal Interest, Sense Making/Effort, Problem Solving Confidence, and Problem
Solving Sophistication, gender and ethnicity were also individually evaluated in regards
to attitude in the context of Real World Connections, Personal Interest, Sense
Making/Effort, Problem Solving Confidence, and Problem Sophistication. The data were
analyzed using a MANOVA and ANOVA in order to see which factors were
independently statistically significant. The qualitative methodology followed the
quantitative and the qualitative data source was interviews with five Black female
students enrolled in advanced physics classes. Member checking and informal, postinterview discussions were done to ensure the credibility of the data. The settings,
questions, and coding were done in a consistent manner to ensure the dependability of the
study. The data was coded for themes that were consistent with the categories of the
CLASS to provide possible explanations for the gender by ethnicity interaction.

CHAPTER 4
RESULTS OF DATA ANALYSIS
Introduction
The focus of this study was to evaluate the attitudes of minority females about
taking physics classes. Historically, there has been an insignificant number of female
students opting to major in physics and engineering (Schneider, 2001). Several authors
have stated that physics and engineering classes act as a filter for female students
(Schuck, 1997;Udo, Ramsey, Reynolds-Alpert & Mallow, 2001). This has been an
ongoing issue in physics and engineering academia and there have been several studies
regarding gender bias in physics and engineering education. There has not been prior
research that focuses specifically on the gender by ethnicity interaction for attitude about
physics and engineering.
The quantitative findings in this chapter are derived from the Colorado Learning
Attitudes about Science Survey (CLASS) given to juniors and seniors enrolled in regular
physics, honors physics, and Advanced Placement (AP) physics B. The qualitative results
in this chapter were collected from interviews done with five Black females enrolled in
the AP Physics B class. First, the quantitative results are presented in the order of the
research questions, which are developed based on the categories established by the
CLASS. The qualitative results are presented after the quantitative results due to the
explanatory nature of the interviews. The categories embedded within the CLASS are
Real World Connections, Personal Interest, Sense Making/Effort,
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Problem Solving Confidence, and Problem Solving Sophistication (Adams, Perkins,
Podolefsky, Dubson, Finkelstein, & Wieman, 2006). These categories all contributed to
the overall attitude of students in physics classes. Each of the twenty statements that
make up the portion of the CLASS that was utilized for the study were scored on a five
point Likert scale. The predictor variable was the gender by ethnicity interaction. Other
predictor variables that were evaluated individually were gender and ethnicity. The five
outcome variables were attitudes in the context of Real World Connections, Personal
Interest, Sense Making/Effort, Problem Solving Confidence, and Problem Solving
Sophistication.
Demographic Characteristics of the Sample
The school's population size was 1400 with the demographic make-up consisting
of 8% Asian, 59% Black, 9% Hispanic, 19% White, and 4% Multi-racial. The school's
other subgroups included students with disabilities 8%, Limited English Proficiency 3%,
and eligible for free/reduced meals 38%. The county had roughly 13,000 students
enrolled in eleven high schools. The demographic make up for the county consisted of
3% Asian, 45% Black, 7% Hispanic, 41% White, and 4% Multi-Racial. The counties
other subgroups include students with disabilities 12%, Limited English Proficiency 3%,
and eligible for free/ reduced meals 44%. It was evident that the demographics of the
school and the county were not the same in regards to the ratio of the minority population
compared to White and Asian students. The samples were different depending on the
methodological approach.
The quantitative results were based on the completion of 130 out of the 153
surveys that were distributed for an 85% participation rate. Twenty-three students did not
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participate because they did not return their informed consent forms. Of the 130 students
that were surveyed all of them scored statement twelve with a 4, which validated the use
of their survey. G*Power3 software was used to conduct a sensitivity test. It was
determined that at least 100 participants were needed to find a small effect at a power
level of .8 and a significance level ofp less than .05, thus the sample size is sufficient to
attain a statistically significant results.
Sixty percent (n = 78) of participants were female and 40% (n = 52) of the
participants were male. Gender is reported in Table 1.
Table 1
Gender Frequency
Gender

Frequency

Percentage

Female

78

60%

Male

52

40%

Total

130

100%

Ethnicity of the participants is reported in Table 2. The ethnicity is classified as White,
Asian, and Minority. Minorities are classified as either Black or Hispanic. Seventeen
percent (n = 22) of the participants were white, 23% (n = 30) of the participants were
Asian, and 60% (n = 78) of the participants were classified as minorities (Black,
Hispanic).
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Table 2
Ethnicity Frequency
Ethnicity

Frequency

Percentage

22

17%

Asian

30

23%

Minority

78

60%

Total

130

100%

White

~

The Gender* Ethnicity interaction produced the number and percentages of
participants based on their gender and their ethnicity combined. This frequency was
established due to the overarching quantitative research question. Twenty-three percent
(n = 30) of the participants were minority males, 37% (n = 48) of the participants were
minority females, 8.5% (n= 11) of the participants were Asian males, 14.5% (n = 19) of
the participants were Asian females, 8.5% (n = 11) of the participants were White males,
and 8.5% (n - 11) of the participants were White females. The Gender*Ethnicity
interaction of the participants is in Table 3.
Table 3
Gender*Ethnicity Interaction Frequency
Gender/Ethnicity

Frequency

Percentage

Minority Male

30

23%

Minority Female

48

37%

Asian Male

11

8.5%

Asian Female

19

14.5%

White Male

11

8.5%

White Female

11

8.5%

Total

130

100%
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Quantitative Data Analysis
Statistical Package for the Social Sciences 20 (SPSS) was used to analyze the
data. First, the data were entered into SPSS 20. Field (2009) recommends using
MANOVA for situations where there are several dependent variables. The CLASS has
multiple categories and as a result must be scored by each category to see if there is a
statistically significant difference between each of the categories (i.e., Real World
Connections, Personal Interest, Sense Making/Effort, Problem Solving Confidence, and
Problem Solving Sophistication). The MANOVA was used to determine if there was a
relationship between the predictor variables: gender, ethnicity, and Gender*Ethnicity
interaction and the five outcome variables: Real World Connections, Personal Interest,
Sense Making/Effort, Problem Solving Confidence, and Problem Solving Sophistication.
Statistical Assumptions
Field (2009) states that the assumptions for MANOVA are the same as the
assumptions for ANOVA extended to the multivariate case:
•

"Observations should be statistically independent" (p. 609)

•

"Data should be randomly sampled from the population of interest and measured at
the interval level" (p. 609).

•

"The dependent variables (collectively) have multivariate normality within groups"
(p. 609). Since multivariate normality cannot be tested, Field (2009) recommends
univariate testing of normality. Normality is tested using a Kolmogorov-Smirnov test.

•

Homogeneity of variance exists for each of the dependent variables, and "that the
correlation between any two dependent variables is the same in all groups" (p. 609).
A variance-covariance matrix was used to test homogeneity of variance. In order to

do this Field (2009) states that Levene's test as well as Box's test should be used.
Homogeneity of covariances may be assumed if Box's M test is not statistically
significant at the .005 level (Huberty & Petoskey, 2000).
The assumptions above can be confirmed by looking at the data set or by what is known
from data collection or theory; therefore, these are assumed to be true. If the results of
Levene's test are greater than .05, it can be assumed that the data are dependent based on
what is known about how the data were collected (i.e., one participant's score is not
dependent on another participant's score) (Field, 2009). It can be assumed that the data
are measured at the interval level. It can be assumed that the normality assumption has
been met if there are equal group sizes, visual analysis of the data indicates normality, or
group sizes are larger than 30. If the criteria above are not met, a Kolmogorov-Smirnov
test will be run for each group. Normality was assumed if p value of the KolmogorovSmirnov test resulted in an outcome greater than .05.
The assumption of random sampling and independence were met. The
Kolmogorov-Smirnov test was run with factors (gender, ethnicity) to check for
normality. A separate Kolmogorov-Smirnov test was run for the variables without
factors to check for normality and the results are reported in Table 4.
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Table 4

Kolmogorov-Smimov Tests of Normality
statistic

df

P

Real World Connections

.13

130

.000

Personal Interest

.08

130

.060

Sense Making/Effort

.13

130

.000

Problem Solving Confidence

.15

130

.000

Problem Solving Sophistication

.16

130

.000

The results of Kolmogorov-Smirnov test were statistically significant and a visual
analysis of the histograms demonstrated normality with the exception of Personal
Interest. The histograms from the Kolmogorov-Smirnov test with factors were analyzed
before the second Kolmogorov-Smirnov test was run to insure that normality was
present. Each histogram that was analyzed from the Kolmogorov-Smirnov test without
factors is represented in Figures 1 through 5 displayed below.
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The results of Levene's test were not statistically significant; however, Personal Interest
was close to being statistically significant at p equal to .05. The significance of Problem
Solving Confidence was not close. Table 5 presents the data from Levene's test.
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Table 5

Levene's Test of Homogeneity of Variance Results
F

dfl

dfl

P

Real World Connections

0.69

5

124

.630

Personal Interest

2.32

5

124

.047

Sense Making/Effort

0.84

5

124

.526

Problem Solving Confidence

3.98

5

124

.002

Problem Solving
Sophistication

0.53

5

124

.752

The results of Box's test indicated homogeneity of covariances; Box's M= 120.63, F(75,
6528.17) = 1.44,/? = .022 based on the criteria established by Hurberty and Petoskey
(2000).
Results of Data Analysis
A MANOVA was conducted to determine if there was a relationship between the
predictor variables (gender, ethnicity, Gender*Ethnicity interaction) and the outcome
variables, which included Real World Connections, Personal Interest, Sense
Making/Effort, Problem Solving Confidence, and Problem Solving Sophistication. The
grand means, standard deviations, and confidence intervals for each outcome variable are
displayed in Table 6. Finding the means and standard deviations for each predictor
variable individually are reported later.
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Table 6

Grand Means, Standard Deviations, and 95 % Confidence Intervals
Outcome Variables

M*

SD

95% CI

Real World Connections

3.08

0.07

[2.95,3.21]

Personal Interest

3.19

0.08

[3.03, 3.33]

Sense Making/Effort

3.17

0.05

[3.08, 3.27]

Problem Solving Confidence

3.21

0.05

[3.11,3.31]

Problem Solving Sophistication

2.71

0.05

[2.61,2.82]

•Range = 1 (strongly disagree) to 5 (strongly agree)

RQ1: Is there a statistically significant relationship between gender and attitude in the
context of Real World Connections, Personal Interest, Sense Making/Effort, Problem
Solving Confidence, and Problem Solving Sophistication when controlling for ethnicity?
A MANOVA was used to analyze if the there a statistically significant
relationship between gender and attitude in the context of Real World Connections,
Personal Interest, Sense Making/Effort, Problem Solving Confidence, and Problem
Solving Sophistication at a = .05 when controlling for ethnicity. The results of the
MANOVA analysis, using Pillai's Trace indicated that there was a statistically
significant relationship between gender and attitude in the context of Real World
Connection, Personal Interest, Sense Making/Effort, Problem Solving Confidence, and
Problem Solving Sophistication, V = .15, F(5, 120) = 4.12,/? =.002, r|2 = .15. Male
students had higher average scores for every outcome variable. It was also noted that the
marginal means plots for each outcome variable are scaled to show appropriate
differences between male and female students. The marginal means for male and female
students for each outcome variable is found in table 7.
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Table 7

Marginal Means and 95% Confidence Intervals for Gender Attitude
Outcome Variables

Ethnicity

M*

95% CI

Real World Connections

Male

3.30

[3.10,3.49]

Female

2.86

[2.69, 3.03]

Male

3.53

[3.30,3.75]

Female

2.84

[2.65, 3.04]

Male

3.28

[3.14,3.43]

Female

3.06

[2.94,3.19]

Male

3.28

[3.14,3.43]

Female

3.14

[3.01,3.27]

Male

2.86

[2.69, 3.00]

Female

2.58

[2.44,2.71]

Personal Interest

Sense Making/Effort

Problem Solving Confidence

Problem Solving Sophistication

*Range = 1 (strongly disagree) to 5 (strongly agree)

For Real World Connections, male students had higher average attitude scores (M
= 3.30, 95% CIs [3.10, 3.49]) than female students (M= 2.86, 95% Cls [2.69, 3.03]).
Figures 6 through 10 are visual representations for the marginal means data.
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Figure 6. Estimated marginal means of male and female students' attitudes in the context
of Real World Connections.

For Personal Interest, male students had higher average attitude scores (A/= 3.53, 95%
CIs [3.30, 3.75]) than female students (M= 2.84, 95% CIs [2.65, 3.04]).
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Female

Gender
Figure 7. Estimated marginal means of male and female students' attitudes in the context
of Personal Interest.

For Sense Making/ Effort, male students had higher average attitude scores (M = 3.28,
95% CIs [3.14, 3.43]) than female students (M= 3.06, 95% CIs [2.94, 3.19]).

79

3.30"

5 3.20

a| 3.IS

3.05Female

Gender
Figure 8. Estimated marginal means of male and female students' attitudes in the context
of Sense Making/Effort.

For Problem Solving Confidence, male students had higher average attitude scores (M =
3.28, 95% CIs [3.14, 3.43]) than female students (A/= 3.14, 95% CIs [3.01, 3.27]). The
mean difference between male and female students for Problem Solving Confidence was
not as large as the other four outcome variables.
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Figure 9. Estimated marginal means of male and female students' attitudes in the context
of Problem Solving Confidence.

For Problem Solving Sophistication, male students had higher average attitude scores (M
= 2.86, 95% CIs [2.69, 3.00]) than female students (M= 2.58, 95% CIs [2.44, 2.71]).
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Figure 10. Estimated marginal means of male and female students' attitudes in the
context of Problem Solving Sophistication.

The results of the univariate analysis for gender that followed the comparison of
means are found in Table 8. There was a statistically significant relationship between
gender and Real World Connections, F(l, 130) = 11.53,/? = .001, r|2 = .09. There was a
statistically significant relationship between gender and Personal Interest, F(l, 130) =
20.49, p = .000, t)2 = .14. There was also a statistically significant relationship between
gender and Sense Making/Effort, F(l, 130) = 5.16,/? = .025, if = .04 as well as gender
and Problem Solving Sophistication, F(l, 130) = 6.50,/? = .012, rj2 = .05. There was not;
however, a statistically significant relationship between gender and Problem Solving
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Confidence, F( 1,130)- 2.02, p = .158, if = .02.
Table 8
Univariate A NOVA Results for Gender
Source

df

F

rf

P

Real World Connections

1

11.53

.09

.001

Personal Interest

1

20.49

.14

.000

Sense Making/Effort

1

5.16

.04

.025

Problem Solving Confidence

1

2.02

.02

.158

Problem Solving Sophistication

1

6.50

.05

.012

RQ2: Is there a statistically significant relationship between ethnicity and attitude in the
context of Real World Connections, Personal Interest, Sense Making/Effort, Problem
Solving Confidence, and Problem Solving Sophistication when controlling for gender?
A MANOVA was used to analyze if there a statistically significant relationship
between ethnicity and attitude in the context of Real World Connections, Personal
Interest, Sense Making/Effort, Problem Solving Confidence, and Problem Solving
Sophistication a = .05 when controlling for gender. The results of the MANOVA
analysis, using Pillai's Trace indicated that there was a not a statistically significant
relationship between ethnicity and attitude in the context of Real World Connections,
Personal Interest, Sense Making/Effort, Problem Solving Confidence, and Problem
Solving Sophistication, V = .093, ^(10, 242) = 1.18,/? =.308, rj2 = .046. The value ofp
is greater than .05; therefore, the null hypothesis must be accepted. The marginal means
for White, Asian, and Minority students for each outcome variable can be found in Table
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9. The marginal means plots displayed some differences but again these were scaled for
that purpose.
Table 9
Marginal Means and 95% Confidence Intervals for each Ethnicity
Outcome Variables

Ethnicity

M*

95% CI

Real World Connections

White

3.31

[3.04, 3.57]

Asian

2.99

[2.75, 3.22]

Minority

2.94

[2.79, 3.09]

White

3.34

[3.03, 3.65]

Asian

3.23

[2.96,3.51]

Minority

2.98

[2.81,3.15]

White

3.16

[2.96, 3.36]

Asian

3.26

[3.08, 3.43]

Minority

3.11

[3.00, 3.22]

White

3.30

[3.09, 3.50]

Asian

3.16

[2.98, 3.35]

Minority

3.18

[3.07, 3.29]

White

2.76

[2.54, 2.97]

Asian

2.71

[2.52, 2.90]

Minority

2.67

[2.55, 2.78]

Personal Interest

Sense Making/Effort

Problem Solving Confidence

Problem Solving Sophistication

•Range = 1 (strongly disagree) to 5 (strongly agree)
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Figure 11. Estimated marginal means of White, Asian, and Minority students' attitudes in
the context of Real World Connections.

For Real World Connections, White students had higher average attitude scores
(M= 3.31, 95% CIs [3.04, 3.57]), than Asian Students (M= 2.99,95% CIs [2.75, 3.22])
and minority students (M= 2.94, 95% CIs [2.79, 3.09]). Figure 11 demonstrates two
negative slopes; however, the difference in the mean scores for Asian and minority
students shows a smaller negative slope than the slope between White and Asian/minority
students.
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Figure 12. Estimated marginal means of White, Asian, and Minority students' attitudes in
the context of Personal Interest.

For Personal Interest, White students had higher average attitude scores (M = 3.34, 95%
CIs [3.03, 3.65]), than Asian Students (M= 3.23, 95% CIs [2.96, 3.51]) and minority
students (M- 2.98, 95% CIs [2.81, 3.15]). Figure 12 shows that the mean scores for
White and Asian students are much closer to each other than their mean scores compared
to minority students.
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Figure 13. Estimated marginal means of White, Asian, and Minority students' attitudes in
the context of Sense Making/Effort.

For Sense Making/Effort, Asian students had higher average attitude scores (M = 3.26,
95% CIs [3.08, 3.43]), than White Students (M= 3.16, 95% CIs [2.96, 3.36]) and
minority students (M= 3.11, 95% CIs [3.00, 3.22]). Figure 13 demonstrates a different
shape with the slope between White and Asian students being positive and the slope
between Asian and minority students being negative. It should also be noted that the
differences in White and minority students' scores is very marginal.
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Figure 14. Estimated marginal means of White, Asian, and Minority students' attitudes in
the context of Problem Solving Confidence.

For Problem Solving Confidence, White students had higher average attitude scores (M 3.30, 95% CIs [3.09, 3.50]), than minority Students (A/= 3.18, 95% CIs [3.07, 3.29]) and
Asian students (M= 3.16, 95% CIs [2.98, 3.35]). Figure 14 displays a negative slope
between White and Asian students and a positive slope between Asian and minority
students. Minority students slightly outscored Asian students as demonstrated in Figure
14.
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Figure 15. Estimated marginal means of White, Asian, and Minority students' attitudes in
the context of Problem Solving Sophistication.

For Problem Solving Sophistication, White students had higher average attitude scores
(M= 2.76, 95% CIs [2.54, 2.97]), than minority Students (M= 2.71, 95% Cls [2.52,
2.90]) and Asian students (M= 2.67, 95% CIs [2.55, 2.78]). Figure 15 demonstrates a
negative slope between White, Asian, and minority students. The margin of difference
between each group is almost identical.
Figures 11 through 15 provided a great deal of information on the means for each
ethnicity. Minorities had the lowest mean score for Real World Connections, Personal
Interest, Sense Making/Effort, and Problem solving Sophistication (Figures 11-14).
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White students had the highest mean scores in all categories with exception of Sense
Making/Effort (Figure 13), for which Asian students scored the highest. Even though
there were no statistically significant relationships between ethnic groups and the
outcome variables, the graphs displayed that White students had the highest mean in 4
out of 5 factors and Minority students had the lowest mean score for 4 out of 5 factors.
Additionally, Figures 11 and 12 showed a large disparity between the mean scores of
White students and Minority students.
The results of the univariate analysis for ethnicity that followed the comparison of
means are found in Table 10. There was not a statistically significant relationship
between ethnicity and Real World Connections, F(2, 130) = 2.89,p = .060, r^2 = .04 nor
was there a statistically significant relationship between ethnicity and Personal Interest,
F(2, 130) - 2.56, p - .081, r|2 = .04, although the p value for this was close to .05. There
was not a statistically significant relationship between ethnicity and Sense Making/Effort,
F(2, 130) = 1.03,/? = .360, r|2 = .02, ethnicity and Problem Solving Confidence, F{2,
130) = 0.56,/? = .572, r)2 = .01, or ethnicity and Problem Solving Sophistication, F(2,
130) = 0.30, p= .742, r|2 = .01.
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Table 10

Univariate ANOVA Results for Ethnicity
Source

df

F

rf

P

Real World Connections

2

2.89

.04

.060

Personal Interest

2

2.56

.04

.081

Sense Making/Effort

2

1.03

.02

.360

Problem Solving Confidence

2

0.56

.01

.572

Problem Solving Sophistication

2

0.30

.01

.742

Tukey posthoc comparisons of the three ethnic groups indicated that White
students (M= 3.31, 95% CIs [3.04, 3.57]) had significantly higher average means for
Real World Connections compared to Asian students {M= 2.94, 95% CIs [2.79, 3.09]),/?
= .027. There were no other statistically significant relationships between ethnic groups
for any of the outcome variables.
RQ3: Is there a statistically significant gender by ethnicity interaction in terms attitude
in the context of Real World Connections, Personal Interest, Sense Making/Effort,
Problem Solving Confidence, and Problem Solving Sophistication?
A MANOVA was used to analyze if there a statistically significant gender by
ethnicity interaction in terms of attitude in the context of Real World Connections,
Personal Interest, Sense Making/Effort, Problem Solving Confidence, and Problem
Solving Sophistication at a = .05 when controlling for gender and ethnicity. The results
of the MANOVA analysis, using Pillai's Trace indicated that there was a statistically
significant gender by ethnicity interaction in terms of attitude in the context of Real
World Connection, Personal Interest, Sense Making/Effort, Problem Solving
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Confidence, and Problem Solving Sophistication, V = .175, F(10, 242) = 2.32, p =.013,
T| = .09. Table 11 represents the marginal means data for Gender* Ethnicity interaction
and Figures 16 through 20 represent the marginal means plots for each of the 5 factors.
An explanation will be provided after Table 11 and Figures 16 through 20 are visually
presented.
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Table 11

Marginal Means and 95% Confidence Intervals for the Gender*Ethnicity Interaction
Outcome Variable

Gender

Ethnicity

M*

95% CI

Real World Connections

Male

White

3.46

[3.08, 3.83]

Asian

3.52

[3.15,3.90]

Minority

2.92

[2.69,3.15]

White
Asian

3.16
2.45

[2.78, 3.54]
[2.16,2.74]

Minority

2.96

[2.78,3.14]

White

3.62

[3.18,4.06]

Asian

3.83

[3.40, 4.27]

Minority

3.13

[2.86, 3.39]

White
Asian

3.06
2.63

[2.62, 3.50]
[2.30, 2.96]

Minority

2.84

[2.63, 3.05]

Male

White

3.26

[2.98, 3.54]

Female

Asian
Minority
White
Asian

3.38
3.21
3.05
3.14

[3.10,3.66]
[3.04, 3.38]
[2.77, 3.33]
[2.92, 3.35]

Minority

3.01

[2.87,3.14]

White

3.30

[3.00, 3.59]

Asian
Minority
White
Asian

3.27
3.28
3.30
3.05

[2.98, 3.57]
[3.11,3.46]
[3.00, 3.59]
[2.83, 3.28]

Minority

3.07

[2.93,3.21]

White

2.88

[2.57,3.19]

Asian

3.00
2.66
2.64
2.42
2.67

[2.69,3.31]
[2.47, 2.84]
[2.33, 2.94]
[2.19,2.65]

Female

Personal Interest

Male

Female

Sense Making/ Effort

Problem Solving
Confidence

Male

Female

Problem Solving
Sophistication

Male

Female

* Range = 1 (strongly disagree) to 5 (strongly agree)

Minority
White
Asian
Minority

[2.53, 2.821

93

Ethnicity
.... white
Asian
— Minority

3.50-

3.25-

3.DO

'S 2 75"

2.50-

Female

Gender
Figure 16. Estimated marginal means plot for the Gender* Ethnicity interaction in the
context of Real World Connections.

Figure 16 demonstrates a statistically significant Gender*Ethnicity interaction for
attitudes in the context of Real World connections. Asian females had the lowest mean
score for Real World Connections and Asian males had the highest score. The difference
for the Gender*Ethnicity interaction was greatest for Asian male and female students.
There was a smaller interaction for White male and female student when compared to
minority male and female students.
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Female

Gender
Figure 17. Estimated marginal means plot for the Gender*Ethnicity interaction in the
context of Personal Interest.

Figure 17 shows a strong interaction between Asian male and female students to both
White male and female students and minority male and female students. It is again seen
that the interaction between White male and female students and minority male and
female students is not as great as it is for both groups and Asian male and female
students.

95

Ethnicity
White
Asian
— 'Minority

C

3.30

nJ 3.20

Female

Gender
Figure 18. Estimated marginal means plot for the Gender*Ethnicity interaction in the
context of Sense Making/Effort.

Figure 18 shows no Gender* Ethnicity interaction for any of the subgroups. It does show
that for each ethnicity, male students outscored females students. Asian male students
scored the highest for Sense Making/Effort and minority female students scored the
lowest.
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Figure 19. Estimated marginal means plot for the Gender*Ethnicity interaction in the
context of Problem Solving Confidence.

Figure 19 displays a Gender*Ethnicity interaction between White male and female
students and both Asian male and female students and minority male and female
students; however, there is no interaction between Asian male and female students and
minority male and female students. It should be noted the interaction between White
male and female students and the other two subgroups is slight.
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Figure 20. Estimated marginal means plot for the Gender* Ethnicity interaction in the
context of Problem Solving Sophistication.

Figure 20 shows the greatest Gender*Ethnicity interaction between each subgroup.
Asian males had the highest overall mean for Problem Solving Sophistication and Asian
Females had the lowest mean score. Minority female students slightly outscored
minority male students for problem sophistication.
The marginal means for each outcome variable and the Gender*Ethnicity
interaction is displayed in Table 11. Figures 16 through 20 are marginal means plots for
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Real World Connections, Personal Interest, Sense Making/Effort, Problem Solving
Confidence, and Problem Solving Sophistication in regards to the Gender*Ethnicity
interaction. Figure 16 and 17 show a Gender*Ethnicity interaction for Real World
Connections and Personal Interest. Figure 18 shows that there is not Gender*Ethnicity
interaction for Sense Making/Effort. Figure 19 shows a slight Gender*Ethnicity
interaction for Problem Solving Confidence and Figure 20 shows a Gender*Ethnicity
interaction for Problem Solving Sophistication.
The univariate analysis results display that there was a statistically significant
Gender* Ethnicity interaction in the context of Real World Connections, F(2, 130) = 7.96,
p - .001, r)2 = .11 as well as a statistically significant Gender*Ethnicity interaction in the
context of Personal Interest, F(2, 130) = 3.93, p = .022, r]2 = .06. There was not a
statistically significant Gender*Ethnicity interaction in the context of Sense
Making/Effort, F(2, 130) = 0.02, p = .980, r\2 = .00, or Problem Solving Confidence,
•j

F{2, 130) = 0.43, p — .655, r| = .01. There was a statistically significant
Gender* Ethnicity interaction in the context of Problem Solving Sophistication, F(2, 130)
•y

= 3.52, p ~ .033, r\ = .05. Table 12 presents the univariate analysis of the
Gender* Ethnicity interaction for each of the outcome variables.
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Table 12

Univariate ANOVA Results for the Gender*Ethnicity interaction
Source

df

F

n2

P

Real World Connections

2

7.96

.11

.001

Personal Interest

2

3.93

.06

.022

Sense Making/Effort

2

0.02

.00

.980

Problem Solving Confidence

2

0.43

.01

.655

Problem Solving Sophistication

2

3.52

.05

.033

Qualitative Data Analysis
Participants
The qualitative data were derived from interviews from five Black female
students enrolled in advanced physics classes. Advanced physics classes are classified as
either honors physics or AP physics B. The participants were called Rafica, Kareema,
Deena, Samia, and Zaina. Samia and Zaina were 18 years old, Rafica and Kareema were
17 years old, and Deena was 16 years old. Four of the participants were seniors enrolled
in AP physics B (Rafica, Kareema, Samia, and Zaina) and the other participant was a
junior in honors physics (Deena). Rafica and Kareema were enrolled in honors physics
the previous year and were encouraged by their physics teacher to enroll in AP physics
B. Both students excelled in honors physics the previous year but have struggled in AP
physics B in the current year. Samia, Zaina, and Deena had not taken a physics course
prior to the current year. Rafica was going to be pursuing a degree in electrical
engineering after graduation. The other girls were not pursuing STEM related degrees
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after high school. Samia's family was not from the U.S. and migrated to the country
before she was born. The other girls' families were all from the U.S. and had lived in
the Southeastern United States their entire lives.
The participants were asked what other honors and AP classes they were taking in
addition to physics. Table 13 contains the AP and honors classes that multiple
participants were taking while being enrolled in AP or honors physics. Three of the
seniors were enrolled in AP calculus AB and honors government/economics and two of
the seniors were enrolled in AP literature, honors Spanish III is the only other class that
had multiple participants enrolled, which included one junior and one senior. I used both
formal interviews with pre-determined questions as well as informal interviews guided
by discussions with the participants. Additional questions were asked based on each of
the participants' responses. Many times I asked the participants to elaborate on some of
their answers.
Table 13
Multiple Enrollments of Advanced Classes for Participants
Frequency

Class

Percentage of Participants

AP Physics

4

80%

AP Calculus AB

3

60%

AP Literature/Language

3

60%

AP Government

4

80%

Honors Spanish III

2

40%

Note, maximum frequency for each subject =5

Qualitative Results
The data analysis revealed several perceptions that the participants had about
taking AP or honors physics. These perceptions led to several recurring themes that were
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supported by the review of related literature. Themes were constructed using a feminist
theoretical lens and a psychological approach (Creswell, 2007). The overarching themes
discovered from coding included the perceived difficulty of physics content,
participants' attitudes about the physics content/class, participants' perception of gender
stereotypes in the context of school subjects and employment, as well as the
participants' general attitudes about solving physics problems.
Theme 1: The Perceived Difficulty of Physics Content
The primary perception that all participants had regarding the physics content was
that it was going to be difficult. Other themes about the physics content were developed
from several variations of questions ranging from the reasons that they opted to enroll in
physics to their peers' perceptions about them being enrolled in physics. The three
participants that had never taken physics prior to the current school year all responded
that they took physics in order to complete graduation requirements. All three of the
participants were asked why they took an advanced physics course as opposed to a
regular physics course to fulfill these requirements. Based on coding their responses, all
three stated that they enrolled in physics because it was a high level course. One of the
other two participants that had already taken honors physics specifically used the word
challenge to describe the reason that she enrolled in an AP physics class. Both
participants that were taking their second year of physics stated that they also opted to
take a second physics course because they liked the honors class and the instructor.
Table 14 provides statements that validated the participants' reasoning for enrolling in
physics.
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Table 14

Statements About Reasons the Participants Enrolled in Physics
Participant

Statement

Rafica

"To challenge myself and prepare myself for electrical engineering and
my future."

Kareema

"I am enrolled in AP physics because I took honors physics last year and 1
really enjoyed it."

Deena

"Other than the fact to graduate, I mean I could take regular physics to
graduate, but I took honors physics because 1 like taking higher level
courses."

Samia

"I'm enrolled because I needed physics to graduate and I was told that AP
physics was a very good class compared to honors or regular. It would
look good on my transcript."

Zaina

"Well for one, I had to take physics to graduate, which I didn't know.
I've always been on the AP and honors track and it wouldn't be much
harder than honors."

This theme was elaborated upon when I asked the participants about their peers'
perceptions about them choosing to take an advanced physics course. According to the
participants, the general consensus of their peers was that they were determined, smart,
and good at mathematics and science. The perception of the difficulty of the content was
mentioned again regarding their choice to take physics. From these responses I
concluded that four of the five participants considered themselves high level, capable
students. It was also deduced that the other participant did not consider herself a high
level, capable student and she expressed her frustration with the physics content. Even
with her low efficacy, she specifically stated that she was not smart enough to be in
physics, which contributed to the overall perception that physics was a high level,
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difficult subject. Table 15 provides evidence for the perceptions of the participants'
peers about their enrollment in physics classes.
Table 15
Statements Regarding Peers Beliefs about the Participants' Enrollment in Physics
Participant

Statement

Rafica

"Challenging and very determined."

Kareema

"My peers think that I am crazy for taking AP physic but I enjoy it,
they think it is a hard class but if you put the effort in for the work,
then I can do it."

Deena

"They would think that 1 am really good at math and science and that
you want to do something around physics, as a major or something
like that."

Samia

"That I don't belong here, that I am not smart... .Because I'm not
confident and I'm not as smart as other kids in here, or in physics at
least. I feel like this is a competition and I would lose, badly."

Zaina

"I don't know, a lot of people say I'm smart."

Theme 2: Altitudes about the Physics Content
The second theme was directly aligned with participants' interest in physics and
their ability to connect the content to their daily lives (i.e., real world connections,
personal interest). Based on the participants' responses, additional questions were asked
regarding their personal interest and connection to the physics content; however, the
main questions that developed this theme were directly about the participants'
connections and interest to the content. The term connection was used to describe if the
participants could relate the physics content to their daily lives. Two of the participants
were confused about what was meant by the statement being connected to physics. Both
participants asked me if I was asking about the connection of physics to their lives. The
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second direct question that developed this theme asked the participants if they found
physics to be an interesting subject. The reason that this is mentioned is because there
was an overall difference between the participants' responses when they were asked
about their real world connections to physics compared to when they were asked if they
thought physics was interesting.
Four of the five participants stated that they either did not feel connected to
physics or that they could not connect physics to their daily lives. The only one that felt
connected to physics was the participant that planned on majoring in electrical
engineering. When I asked her if she felt connected to physics outside of her career
choice, she stated that she felt that physics could help her understand the way things
work. The questions that were added for the other participants that did not feel
connected to the physics content led me to conclude that although these participants did
not feel that physics was related to their daily life, they acknowledged that physics was
all around them. Three of the participants stated that either they did not really notice or
they did not really pay attention to the daily phenomenon they encountered in the world
that was explained by physics. Two of the participants actually mentioned driving and
acceleration, yet they did not value the relationship between these phenomenon and
physics. Table 16 displays participants' statements about their connection to physics.
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Table 16

Statements from Participants about their Connection to the Physics Content
Participant

Statement

Rafica

"Yes, because it allows me to get an inside look on electrical
engineering and the way it works....I know how things work outside my
job and understand them."

Kareema

"I don't feel physics is relevant to my everyday life. The things we
learn in this physics class are things that I don't see on a regular basis,
like on my way home or on my way to the grocery store"

Deena

"I do not feel connected to physics because I do not realize how physics
applies to my daily life yet it is actually really prevalent and related to
everyday life."

Samia

"Not at all, or a little when I'm driving I thought about acceleration."

Zaina

"Okay, what do you mean by that? Um not really anywhere but I do
like when it connects to things 1 can relate to. Like sound, like or even
when we did forces with acceleration and stuff."

The questions regarding whether or not the participants found physics interesting
further developed the attitude theme. Both participants that had taken physics the
previous year stated that they found physics to be an interesting subject. Two of the
three participants that did not take physics the previous year responded that they did not
find physics to be interesting and the other participant said that she found it to be
somewhat interesting. All three of the participants that did not find physics to be
interesting elaborated by stating that they were not curious enough or lacked the
mathematical skills to find physics interesting. The interest questions often led to
discussions about gender roles and stereotypes for the three participants that did not
believe that physics was interesting. This interconnection between themes regarding

106

participants' attitudes about physics content and gender stereotypes was similar to the
interconnection between identity and gender stereotypes found in the review of related
literature. Table 17 lists statements that describe participants feelings about the physics
content in the context of interest.
Table 17
Statements from Participants Regarding their Interest in Physics
Participant

Statement

Rafica

"Yes, because I love the way things work and I am a very hands on
person and I like to help and improve things that are around me."

Kareema

"Yes, 1 like the problems and the work, and I guess because I am a
math student and physics is a math based science. I relate to it better'

Deena

"I am not interested in physics because I have never really wondered
why things work, because if someone tells me how something works, I
consider it the only way it can work."

Samia

"1 mean it is an interesting subject, but its not my subject. Something
that I excel at or understand completely or that I'm confident about like
talking in class"

Zaina

"On a scale of one to ten, its like a seven. I understand most of it, its
applying the math, which is really hard to me"

Theme 3: Perceptions about Gender Stereotypes
The participants consistently referred to gender stereotypes when answering a line
of questions about gender in relation to subjects and physics interest. I opted to ask
questions about which subjects were designed for boys or girls with the intention of
producing frequencies. The responses and conversation that resulted from this line of
questioning supported the self-identity concept theory found in the review of related
literature. The participants were also asked why they believed that boys were more
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interested in physics than girls and what they believed would be the public perception of
a girl that excelled in physics. The combination of these questions led to some insightful
conversation about the participants' beliefs about gender roles.
The participants' responses regarding which classes were for girls and boys
produced the frequencies found in Table 14. The frequencies provided insightful
information about the perceived gender stereotypes of the participants. Several
participants stated that physics, architecture, engineering, mathematics, and business
essentials were all classes for boys, while early childhood/home economics, healthcare
science, English/language arts, and history were repeatedly said to be classes for girls.
Table 18
Participants ' Beliefs about Which Classes were for Boys or Girls
Gender

Frequency

Physics

Boys

5

Engineering

Boys

4

Business essentials

Boys

2

Architecture

Boys

2

Mathematics

Boys

2

English/Language arts

Girls

3

Early childhood education

Girls

2

Home economics

Girls

2

Health care sciences

Girls

2

AP U.S. history

Girls

2

Class

Note, maximum frequency for each subject =5

A few of the participants used gender based descriptions when they were asked
why boys were more interested in physics than girls. Two of the participants described

108

physics as masculine using similar descriptions, which included manly or a man's trait.
One of the participants explained what she meant by a man's trait by stating that this
was based on society's standards. This, paired with the responses of the other three
participants, led me to conclude that all five of the interviewees understood the gender
roles that were established by society. Four of the five participants stated that boys used
a more hands on approach to learning physics and that boys were more curious than
girls. Two of the participants used the term mechanical to describe boys when they were
asked why boys were more interested in physics than girls. Four of the participants
added gender stereotypes about females to their responses about boys being more
interested in physics than girls. All four of these participants added that physics was not
for girls because girls were not concerned about how things work. One participant added
that girls only care about make-up, looks, and clothes. Table 19 provides statements
from the participants regarding possible reasons that boys are more interested in physics
than girls.
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Table 19

Statements from Participants Regarding Reasons that Boys are more Interested in
Physics than Girls
Participant

Statement

Rafica

"Because it's more hands on in mechanical situations."

Kareema

"Boys are more interested in mechanical things and games and
engineering stuff, while girls are more interested in looks and make
up and clothes."

Deena

"I think most boys are more interested in math and science, because
they get more, they think more."

Samia

"Urn, cause physics is a lot more manlier, no girl cares about motion
and magnetism and the way the world works. Girls don't have
interest in physics as much as men do."

Zaina

".. .but it seems to be more of a man's trait. I don't know any
women that went into physics or that are into physics. Based on
society, like without saying it we have specific things that men and
women should do"

The last question that provided insight about gender stereotypes regarded the
participants' beliefs about their peers' perception of a girl that excelled in a physics
class. All five participants recalled that anyone that does well in physics is very smart.
The continuation of their responses is what supported the gender stereotype theme.
Three of the participants believed that it was rare for a girl to excel in a physics class.
One of the participants added that a girl that exceled in physics would be intimidating
because women are rarely perceived to be smarter than men. Another participant added
that when she thinks of someone that excels in physics she does not think of a woman. I
asked her to describe a person that excels in physics and she responded a nerdy white
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guy with few friends came to mind. This participant also said that when she watched
videos for her calculus tutorial, she only saw white men giving instruction. 1 concluded
that even though all of the participants had high academic expectations for themselves,
they acknowledged their own perceptions about gender stereotypes that existed in
physics. Table 20 specified the participants perceptions regarding a girl that excelled in
physics.
Table 20
Statements from Participants Regarding Peers Perceptions of a Girl that Excelled in
Physics
Statement

Participant
Rafica

"Intimidating, because they take girls to be inferior or smarter than
men."

Kareema

"They think it is good because you don't see that very often"

Deena

"I would think that she is obviously very smart and that she
understands the concept, not just the concept but the application too."

Samia

"She is very smart, brilliantly smart, way above average, like Einstein.
When I think of someone who excels in physics a woman does not pop
in my head. A white nerdy guy with few friends, stereotypical nerd"

Zaina

"Very intelligent, very, very intelligent."

Theme 4: Attitudes about Problem Solving
The first participant began to discuss the specific topics that were found in the
physics curriculum and her feelings about them. Initially this participant did not
understand the question about problem solving ability and responded specifically about
each topic that was covered in her physics class. This led me to continue asking
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questions to the other participants about the actual topics covered in the physics
curriculum. Three of the participants said that optics was their favorite topic that was
covered in physics. Electricity and magnetism received more than one negative response
about the participants' problem solving confidence. I noticed that participants tried to
focus on topics that they liked when responding to the questions about specific content
and problem solving. These responses were specifically based on what topics that the
participants enjoyed. It was inferred that the liking of a specific topic could be the result
of feeling confident about solving problems in that specific content area.
The questions about problem solving ability created very brief responses that led
me to conclude that some of the participants were very uncomfortable with their
mathematical and problem solving ability. The questions regarding specific content
helped improve the participants' willingness to give more detailed answers about their
problem solving abilities. Three of the participants stated that they were not confident in
solving physics problems. Two of the three participants responded that solving problems
in physics class did not come naturally and this caused them to shut down when they
were given complex physics problems. The third participant that was not confident in
problem solving stated that she felt like she could have done the problems if she was
given the formulas in advance. These three participants demonstrated a lack of problem
solving confidence in their responses to the questions about their problem solving
abilities. The other two participants both rated themselves as slightly above average in
regards to their problem solving ability. Both of these participants were in their second
year of physics and had been previously exposed to solving problems in their physics
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classes. Table 21 provides specific statements from participants about their perceived
problem solving ability.
Table 21
Statements from Participants Regarding their Problem Solving Ability
Participant

Statement

Rafica

"Depending on a subject, in different areas I'm stronger than the
other... those (projectiles) are my weakest...I'm good at forces with
the free body diagrams."

Kareema

"On a scale of one to ten, I am about a seven."

Deena

"I am confident in Physics if I have the necessary formulas and/or
facts that correlate with the assignment."

Samia

"No its not natural for me, like it is for some students or what they
make it seem. Bobby really gets it you know what I'm saying."

Zaina

"No, I can't. I mean I guess it's all in my head. If I look at it and it
looks complicated, I'm probably going to shut down, that's why I
like it when you walk us through stuff."

Lastly, participants were asked what they did when they struggled with problem
solving in physics. The participants responded with an assortment of strategies that
included using resources like the Internet and online videos. Three of the five
participants stated that they asked peers for help if they struggled with problem solving
assignments. Only two of the participants said they would ask the teacher for help but
this was only if there were not other options. The most and least confident participants
did not give strategies they used to help them solve problems because the most confident
participant felt like she did not need the extra help and the least confident participant
believed that she was not good at physics and there was nothing that could be done to
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help her improve. Table 22 provides statements about strategies used by participants
when they had a hard time solving a problem.
Table 22
Statements from Participants about Problem Solving Strategies they use if they are Stuck
on a Problem
Participant

Statement

Rafica

No Response

Kareema

"1 try to use my book and other resources and the internet and if I still
don't get it I ask the teacher. I can call a student that I know does well
in the class.

Deena

'if I have a difficult time, then I work with friends around and we
share knowledge. When we share knowledge with each other and I
still do not understand I will ask the teacher in class and sometimes I
will stay after school in preparation for a test the following week."

Samia

"..then again I don't try. I'm just not good at it. I don't want to try and
fail because other people expect that."

Zaina

"I usually ask a peer. Watch videos, you tube videos, or try to look up
the concept somewhere. "

Summary of Qualitative Results
The qualitative results provided a great deal of insight regarding the perceptions
of minority females in the physics classroom. Four themes established possible
explanations for the negative experience that minority females encounter in the physics
classroom. All of the participants acknowledged that they perceived physics as a difficult
subject intended for boys. Their perception that physics was for boys and that it was a
difficult class was invariant and stated more than once by the participants. The only
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participant that felt the physics content was connected to their everyday life was Amy
because she was going to major in engineering after high school and she liked the
content. Lastly even though some the participants stated that physics was interesting,
they followed up by adding that it was not interesting to them or that it was not their
subject. The essence of minority females experience in physics was that it was a difficult
class that was not connected to them and; therefore, not interesting to them.
Summary
In this study, data were evaluated to see if there was a gender by ethnicity
interaction. Initially one hundred and thirty students enrolled in seven physics classes
completed a paper copy of the CLASS. The CLASS measured physics attitude in the
context of five different themes: Real World Connections, Personal Interest, Sense
Making/Effort, Problem Solving Confidence, and Problem Solving Sophistication. I
used a MANOVA to analyze the data. The qualitative portion of the study included the
interviews of five Black female students enrolled in advanced physics classes (honors &
AP).
The results of the quantitative analysis demonstrated that there was a statistically
significant relationship between gender and attitude in the context of Real World
Connections, Personal Interest, Sense Making/Effort, Problem Solving Confidence, and
Problem Solving Sophistication; however, there was not a statistically significant
relationship between ethnicity and attitude in the context of real world connection,
personal interest, sense making/effort, problem solving confidence, and problem solving
sophistication. Lastly there was a statistically significant gender by ethnicity interaction
for attitude in the context of Real World Connections, Personal Interest, Sense
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Making/Effort, Problem Solving Confidence, and Problem Solving Sophistication. The
qualitative data produced four major themes based on the participants' attitudes about
taking physics classes: The perceived difficulty of the physics content, attitudes about
the physics content, perceptions about gender stereotypes, and attitudes about problem
solving. The qualitative data analysis that followed the quantitative results provided a
detailed description of the experiences of minority females taking physics classes. In
conclusion, there was a difference in attitude based on the gender by ethnicity
interaction and the qualitative data provided themes that helped explain why there was
this difference in attitude.
The quantitative data results demonstrated that minority females had some of the
lowest mean scores for each of the factors in the CLASS. This data was supported by
the themes found in the qualitative results section. The qualitative data not only
supported the quantitative findings, it also helped triangulate the data to provide a story
about the experiences of minority females in physics classes. The gender by ethnicity
interaction is more specifically combination of being a minority and being a female.

CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this study was to determine if there was a gender by ethnicity
interaction for attitudes about physics in the context of Real World Connections, Personal
Interest, Sense Making/Effort, Problem Solving Confidence, and Problem Solving
Sophistication. The attitudes of minority females were further evaluated using qualitative
data to describe their experiences of minority females in advanced physics classes. Prior
research has repeatedly evaluated the lack of participation of females and minorities in
physics and engineering as well as the achievement gap in physics and engineering that
exists amongst females and minorities compared to other demographic groups (Basu,
Barton, Clairmont, & Locke, 2009; Schneider, 2001; Udo, Ramsey, Reynolds-Alpert &
Mallow, 2001). The didactic pedagogy that exists in science, technology, engineering,
and mathematics (STEM) subjects has contributed to the insufficient increase in diversity
for STEM related majors and careers.
There have been few effective initiatives to improve the disparity between
minority females and other subgroups in STEM with only two percent of the science and
engineering work force consisting of minority females. The National Science Foundation
(2011) has evaluated the percent difference between male and female graduates that
earned bachelors, masters and doctoral degrees in engineering. It was found that even
though there was a large difference in the percentage of male and female engineering
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graduates, the number of female graduates earning bachelors, masters, and doctoral
degrees has increased about twenty percent for each degree over the past forty years.
There has not been sufficient data to measure a percent increase in the number of
minority females earning bachelors, masters, and doctoral degrees over the past 40 years.
This study is important because there have not been a significant number of
minority females (Black, Hispanic) earning advanced degrees in science and engineering
(National Science Foundation, 2011). Kohlstedt (2004) reported that even though a large
number of women have become graduate students, most gains have been in the social
science category; with few gains being made in the fields of engineering and science.
Between 1989 and 2008 there was only a 6% increase in the number of minority females
earning bachelors degrees in science and engineering. Additionally, there was an even
smaller percent increase for masters and doctoral level degrees earned by minority
females. This data included a 3% increase in the master's degrees and an insignificant
increase (< 1%) in the number of doctoral degrees awarded. This and other data have
repeatedly shown that there is a lack of diversity in engineering and the number of
students graduating is insufficient to meet the needs of the growing workforce. Nicholls,
Wolfe, Besterfield-Sacre (2007) reinforced this data by finding that the largest migration
away from STEM majors was done by minority females (African-American,
Hispanic/Latino). There is also a different perspective regarding creativity and innovation
that could be produced as a result of diversifying the field.
Attitude was a factor that had been instrumental in determining whether or not
students believe that physics was interesting. The choice to take and participate in a
physics class was affected by the amount of interest and real world connections that the
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students had regarding physics. Additional factors that affected physics attitude were the
students' perception about their ability to solve physics problems. Interests, real world
connections, and perceptions about problem solving ability all contributed to students'
attitudes about taking and actively participating in a physics class. These components of
physics attitude could make students more likely to take additional physics classes and
pursue advanced degrees in physics.
Summary of the Study
Students enrolled in physics classes within a large suburban area of the
Southeastern United States were chosen to participate in this study. Informed consent
and assent forms were sent home with 153 students to get parental permission. Twenty
students did not return the signed forms and; therefore, did not participate in the study
and the remaining 130 students successfully completed the survey. In addition to giving
the survey, I selected five participants that took the survey to interview. The five
participants were Black female students enrolled in advanced physics classes (Honors
and AP Physics). The interview questions were compatible with the survey because both
were related to attitudes and perceptions about physics.
The Colorado Learning Attitudes about Science Survey (CLASS) was the
instrument that was given to the participants (Adams, Perkins, Podolefsky, Dubson,
Finkelstein, & Wieman, 2006). For this study, CLASS was used to measure attitude in
the contexts of Personal Interest, Real World Connections, Sense Making/Effort, Problem
Solving Confidence, and Problem Solving Sophistication. The predictor variables were
gender, ethnicity, and Gender*Ethnicity interaction. The five outcome variables were
attitude in the context of Real World Connections, Personal Interest, Sense
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Making/Effort, Problem Solving Confidence, and Problem Solving Sophistication.
Additionally five Black female students enrolled in advance physics classes that took the
CLASS were interviewed individually to collect data for the qualitative portion of the
study.
Discussion
The analysis of the collected data provided a great deal of support for the review
of related literature. The purpose of this study was to determine if there was a gender by
ethnicity interaction for attitudes about physics in the context of Real World Connections,
Personal Interest, Sense Making/Effort, Problem Solving Confidence, and Problem
Solving Sophistication. I used a MANOVA because it is the best method for analyzing
the relationship between a predictor variable and multiple outcome variables. A
MANOVA was used instead of separate ANOVAs for each outcome variable in order to
reduce the likelihood of making a Type I error (Field, 2009). The MANOVA was used to
determine if there was a relationship between the predictor variable, Gender*Ethnicity
interaction, and the five outcome variables: attitude in the context of Real World
Connections, Personal Interest, Sense Making/Effort, Problem Solving Confidence, and
Problem Solving Sophistication.
The qualitative data was collected with a feminist theoretical lens after collecting
the quantitative data, which is indicative of a sequential transformative strategy when
using a mixed method approach (Creswell & Piano Clark, 2010). The qualitative
approach was a phenomenology because I wanted to present a description of the
experiences of minority females that were enrolled in advanced physics classes. The
results from the qualitative data analysis were intended to support the findings from the
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quantitative data analysis as well as provide a more detailed description of the
experiences of minority females taking physics classes.
The results from the MANOVA compared two predictor variables and the
interaction with the five outcome variables in order to find all of the potential
correlations. The data showed that there was a statistically significant relationship
between gender and attitude in the context of Real World Connections, Personal Interest,
Sense Making/Effort, Problem Solving Confidence, and Problem Solving Sophistication
as well as a gender by ethnicity interaction for attitude in the context of Real World
Connections, Personal Interest, Sense Making/Effort, Problem Solving Confidence, and
Problem Solving Sophistication. There was not a statistically significant relationship
between ethnicity and attitude in the context of Real World Connections, Personal
Interest, Sense Making/Effort, Problem Solving Confidence, and Problem Solving
Sophistication. The results from comparing the effects of gender, ethnicity, and gender by
ethnicity interaction on the physics attitudes of students in the context of Real World
Connections, Personal Interest, Sense Making/Effort, Problem Solving Confidence, and
Problem Solving Sophistication supported the work of Schmader (2002) regarding the
complexity of self-identity concept. There was a statistically significant relationship
between gender and attitude; there was a gender by ethnicity interaction for attitude;
however, ethnicity alone was not found to be statistically significant in regards to
attitude. Schmader (2002) evaluated the complexity of identity by looking at multiple
subsets (i.e., gender, ethnicity). Gonzalez, Blanton, and Williams (2002) added that
belonging to more than one subgroup (gender, ethnicity) could increase the effect of
stereotype threat.
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After the results from MANOVA were analyzed, separate ANOVAs were
analyzed to look at each dependent variable individually. The results from the ANOVA
for gender found that there was a statistically significant relationship between gender and
attitude in the context of Real World Connections, Personal Interest, Sense
Making/Effort, and Problem Solving Sophistication. The only dependent variable that
was not found to be statistically significant for gender was attitude in the context of
Problem Solving Confidence.
The results from the ANOVA for ethnicity found there was not a statistically
significant relationship between ethnicity and any of the dependent variables; however, it
may be noted that attitude in the context of Real World Connections was close to being
statistically significant. The results from the ANOVA found that there was a statistically
significant gender by ethnicity interaction for Real World Connections, Personal Interest,
and Problem Solving Sophistication. There was not a statistically significant gender by
ethnicity interaction for Sense Making/Effort or Problem Solving Confidence. The
quantitative results can be combined with the data from the qualitative themes to support
the literature review and give explanations for the differences in gender attitude and the
gender by ethnicity interaction for attitudes.
One of the major themes that emerged from the interviews of Black females was
that the participants all believed that physics was a difficult subject and they believed that
their peers would also perceive physics as difficult. Williams, Stanisstreet, Spall, Boyles,
and Dickson (2003) observed an inversely proportional relationship between a student's
perception of difficulty and level of interest regarding subject areas. The participants'
perception of difficulty may provide one possible explanation for the statistically
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significant gender by ethnicity interaction for Personal Interest. The average mean score
for minority females' attitudes in the context of personal interest was lower than the
grand mean and only Asian females scored lower on attitude in the context of personal
interest. In addition to believing that physics was difficult, the participants generally
believed that they were capable students that functioned on a high intellectual level.
The second theme, attitude about the physics content, supported the quantitative
data. From the second theme it was deduced that the participants did not feel like physics
was connected to their personal lives. The statistically significant gender by ethnicity
interaction for attitude in the context of Real World Connections further supported
participants' feelings about lacking a connection between the physics content and their
personal lives. Minority females marginally outscored minority males and Asian females
regarding their attitudes in the context of Real World Connections. Their mean score was
also lower than the grand mean for that dependent variable. Brown, Collins, and Duguid
(1989) defined the learning of content in a real world context situated cognition.
Brickhouse (2001) added that situated cognition is advantageous to girls when they are
learning science. Martinez (2010) mentioned that situated cognition also encompassed
cultural practices, expectations, and language. This literature supported the results from
the data in regards to possible explanations for the attitudes of minority females in
physics classes.
Students' interest and connection to content can result in their preference of one
subject area over another (Beier & Rittmayer, 2008). The quantitative data regarding
minority females' attitudes in the context of real world connections and personal interest
demonstrated that the participants had some of the lowest scores in these categories. In

the interviews participants stated that did not generally feel connected to the content:
however, some of them believed that physics was interesting. Both participants that
believed physics was interesting had prior knowledge of the content because they had
already taken physics the previous year. The participants that did not feel connected to
the content and did not think that physics was interesting had never taken a physics class
prior to the current year. Literature from Park and Lee (2004) stated that female students
preferred decontextualized tests because they had low self-efficacy regarding physics
content and lacked experience dealing with physics content. It is also important to add
that feeling connected to the content of a subject promotes interest and interest helps
promote intrinsic motivation (Martinez, 2010).
The results of the quantitative data regarding attitudes in the context of Real
World Connections and Personal Interest were further supported by a third theme, which
was the participants' perceptions about gender stereotypes. The participants discussed
their preconceived notions about which classes were intended for boys and which classes
were intended for girls. The classes most frequently perceived to be intended for boys
were physics and engineering and the classes most frequently perceived to be intended
for girls were English/language arts and home economics/early childhood. Marsh and
Hau (2004) discussed academic self-concept in the context of internal and external
frames of reference. They found that students looked at their performance in classes in
comparison to their peers (external) and in comparison to their performance in other
classes (internal). Their research is relevant to the results of this study because minority
females develop their academic self-concept in the context of how well they perform
compared to their male counterparts and how well they perform in other classes. Minority

124

females' perceptions that English/Language arts was intended for girls may have had an
adverse effect on their academic self-concept for mathematical based classes (i.e., physics
and engineering).
The participants explained they felt that physics was for boys because boys were
more curious than girls and they used a more hands on approach for learning than girls.
Statements regarding the participants' beliefs that their peers would perceive a girl that
excelled in physics as rare and intimidating further supported the quantitative data. The
participants added that girls that excelled in physics classes had to have been
exceptionally intelligent. This demonstrated that minority females adapted a more entity
approach about their ability to learn physics. Molden and Dweck (2006) supported this
finding with research that found females to be more likely to have an entity approach to
learning than an incremental approach. This meant that females believed that students
were inherently born with natural ability to learn physics and they did not have the ability
to develop this knowledge over time.
Additionally participants believed that girls were interested in looks, not how
things worked. Skaalvik and Skaalvik (2002) stated that self-concept is strongly
influenced by comments from significant others. Influential groups included parents,
teachers, peers, and role models (Bachman, Hebl, Martinez, & Rittmayer, 2009; Klein &
Ortman, 1994; Marx & Roman, 2002). Jacobs, Chhin, and Bleeker (2006) contributed the
Parent Socialization Model as a possible explanation for why girls develop societal
gender roles at an early age. Seymour (1995) determined that teacher interactions in
STEM classes were more frequent and constructive for boys than girls. Historically there
has been a prevalent practice of excluding women from STEM content areas (Des
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Jardins, 2010). Brickhouse (2001) and Ginev (2008) substantiated this exclusionary
practice by adding that scientific knowledge is situated in the gender and racial
philosophies established by society. Peer influence may lead to the marginalization of
females when working in groups. Carli (2001) stated that the higher external status of
men transferred into collaborative working groups. Berger, Wagner, and Zelditch (1985)
found that peer judgments about an individual's competence when working in a group
were primarily developed from physical characteristics (gender, ethnicity).
Finally the participants believed that boys were more interested in physics
because physics was considered a masculine class. There were several comments
regarding the masculine nature of physics using terms like mechanical, manlier, and a
man's trait. The participants also stated that they were not math students, their issue was
psychological and that physics was not natural to them. One participant actually added
that men were always the teacher in her calculus tutorial videos and that when she
thought about physicist she imagined a white, male. Quinn and Spencer (2001) stated
there were two dominant stereotypes regarding females' abilities in mathematics and
science. The stereotypes were that males were better at mathematics than females and
males were better equipped to be scientists than females. Additionally, Huguet and
Regner (2009) found that students did not have to be conscious of negative stereotypes to
be affected by them. The participants only discussed the subject areas in which they were
comfortable, but based on statements from the majority of the participants, they did not
perceive themselves as proficient physics problem solvers.

126

Conclusions
There were several conclusions that could be gleaned from this research regarding
the attitudes of minority females taking physics classes. The data indicates that there is a
statistically significant gender by ethnicity interaction for attitudes in the context of Real
World Connections, Personal Interest, Sense Making/Effort, Problem Solving
Confidence, and Problem Solving Sophistication as a whole. The qualitative data
analysis developed four major themes that further explained this relationship: The
perceived difficulty of the physics content, attitudes about physics content, perceptions
about gender stereotypes in the context of school subjects and employment, and attitudes
about problem solving. These findings are important because there has been no prior
research regarding the attitudes of minority females taking physics classes.
Based on the ANOVA, there was a statistically significant gender by ethnicity
interaction for attitude in the context of Real World Connections, Personal Interest, and
Problem Solving Sophistication. The interviews with five Black females further
explained the disconnect that these participants felt regarding the physics content. This
disconnect lead the majority of them to find physics to be disinteresting. A lack of
interest could be attributed to self-concept (Beier & Rittmayer, 2008). The participants'
lack of interest could also have a negative effect on their motivation to study physics
(Ryan & Deci, 2000). Measures may be taken to improve the relationship between
cultural identities and the physics content in order to improve participation and
performance of minority females.

Multiple implications may be examined based on the findings from this research.
Stakeholders within the school system could potentially gain some insight about the
relationship between a students' culture (gender, ethnicity) and physics attitude. Attitude
regarding content is important because prior research has found that content-based
attitude is related to interest and academic performance. An intervention study done by
Haussler and Hoffman (2002) found that interest was sustained for all students if the
curriculum was re-written with the purpose of adapting it to the interests of girls.
Modifying the curriculum to increase the interest of minority females could help improve
interest for all students. The standards based classroom is currently being implemented
but little consideration has been given to completely re-writing the physics curriculum to
improve student interest. The results of this research indicated that there was a
statistically significant gender by ethnicity interaction for attitude in the context of Real
World Connections, Personal Interest, Sense Making/Effort, Problem Solving
Confidence, and Problem Solving Sophistication.
Attitude has been found to be an instrumental factor that influences interest and
the result of positive influence on interest is student motivation to pursue content. If
interest and motivation are positively affected, then a greater number of minority females
would be more likely to major in physics and engineering and pursue advanced degrees
in STEM related fields. Increasing interest and motivation to study physics will also
close the achievement gap that exists between minority females and other subgroups. The
curriculum needs to be rewritten to improve student interest and in turn increase the
diversity in STEM related fields. The only repeatedly mentioned sex-linked difference
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was regarding spatial ability and this difference can be improved by using animations to
teach multidimensional content (Sanchez & Wiley, 2010).
Limitations and Recommendations for Further Research
Prior research established a positive relationship between physics attitude and
interest. This study indicated that there was a statistically significant gender by ethnicity
interaction for attitude in the context of Real World Connections, Personal Interest, Sense
Making/Effort, Problem Solving Confidence, and Problem Solving Sophistication. The
interviews of five Black female students enrolled in advanced physics classes supported
and further explained the gender by ethnicity interaction for attitudes in the physics class.
The research was limited by the fact that I was the physics teacher and that the qualitative
sample was small. Interviewing more minority females as well as other subgroups could
provide more data for a multi-faceted comparison of perceptions about physics.
In addition to interviewing more students, future research could add a broader
sample to evaluate if there is still a statistically significant relationship between the
predictor variables; gender, ethnicity, and the interaction and the outcome variables:
attitudes in the context of Real World Connections, Personal Interest, Sense
Making/Effort, Problem Solving Confidence, and Problem Solving Sophistication.
Researchers could also give the CLASS in the first two weeks of the school year, after
each unit, and at the end of the year to see if there is a difference in the mean scores for
each subgroup (i.e., male versus female) at different times of the year. Additionally,
Black and Hispanic participants could be evaluated individually instead of classifying
them as one group (minority).
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The last recommendation would be to develop and implement a new curriculum
and compare the attitudes and academic achievement of the new curriculum to the
attitudes and academic achievement of the current curriculum. The new curriculum
would be learner centered and constructivist in nature with multi-cultural elements
embedded within the units. The sequencing would be similar with an introductory unit to
check for prior knowledge and interest. The same survey instrument could be used but
instead of establishing a statistically significant relationship between gender, ethnicity,
and the statistically significant gender by ethnicity interaction for attitude, I would
compare differences in attitude between the control group (current curriculum) and the
test group (modified curriculum). In addition to looking at the affective domain, the
cognitive domain could be evaluated for each group using a pretest and posttest
comparison for each group. There is a great deal of work that must be done to evaluate
and understand the complexity of this issue.
Recommendations for Physics Educators
There are several recommendations that can be evaluated by physics educators to
improve the participation of minority females in physics classes. The curriculum needs
to be implemented in a culturally relevant, learner centered fashion. Conceptual aspects
should be introduced before including a great deal of mathematical problem solving to
help minority females manage mathematical anxiety. Additionally, using visual aids
(e.g., computer animations, pictures, and videos) to help students develop spatial ability
before introducing the mathematics of multi-dimensional problem solving. Another
recommendation is for physics educators to be cognizant of group dynamics (i.e., gender
composition) and their interactions with minority female students. I recommend that
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interactions with minority female students are equally as frequent and constructive as for
other subgroups. Technology should be utilized as much as possible to promote hands on
activities to build prior knowledge. Finally, having open and honest discussions with
students about gender and ethnic diversity may help students make preconceptions
conscious so that they can deal with identity issues.
Summary
There is a vast deficiency in the number of minority females participating in
STEM related subjects, earning degrees in physics and engineering, and entering the
work force in STEM related fields. Additionally there is an achievement gap that exists
between minority females and other subgroups in STEM related subjects. It is imperative
that teachers, administrators, and curriculum developers work to decrease these gaps.
There has been an insignificant increase in the number of minority females excelling on
standardized STEM related tests as well as majoring and earning advanced degrees in
STEM related fields. The most alarming issue regarding these circumstances is that there
has been negligible momentum toward improving this problem.
Attitude affects many factors that could potentially improve these circumstances.
Factors include interest, motivation, development of agency, and academic achievement.
The current physics curriculum does not promote interest and as a result has an adverse
effect on student attitudes. The curriculum is outdated and little has been done to
modernize and improve the curriculum. Converting the old curriculum to fit the standards
based classroom model has not improved student interest nor has it promoted real world
connections. It is important for all stakeholders in the school system to improve the
current curriculum to improve student interest.
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This research indicated that there was a statistically significant gender by
ethnicity interaction for interest in the context of Real World Connections, Personal
Interest, Sense Making/Effort, Problem Solving Confidence, and Problem Solving
Sophistication. Interviews supported this relationship and provided information to try
and explain possible reasons for this relationship. The results from the MANOVA
provided the data and applying separate ANOVAs afterward gave specific insight about
which attitude factors had the greatest effect on the overall attitude. Real World
Connections, Personal Interest, and Problem Solving Sophistication were statistically
significant factors regarding the gender by ethnicity interaction. Real world Connections
and Personal Interest provided possible explanations for the lack of participation and
achievement gap that exists among minority females. Problem Solving Sophistication
could have resulted from the participants' belief that they could find ways to complete
assignments using peers and Internet resources. There is a great deal of concern about
the United States outsourcing STEM related jobs to India and China. STEM classes need
to be more inclusive to help diversify STEM related fields. Diversifying STEM related
fields could contribute to a more heterogeneous workforce in the United States.
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APPENDIX A

COLORADO LEARNING ATTITUDES ABOUT SCIENCE SURVEY
Please choose one of the following:
Gender: Male
Ethnicity:

Female

White/Caucasian

Black

Hispanic

Asian

Introduction
Here are a number of statements that may or may not describe your beliefs about learning
physics. You are asked to rate each statement by selecting a number between 1 and 5
where the numbers mean the following:
1. Strongly Disagree
2. Disagree
3. Neutral
4. Agree
5. Strongly Agree
Survey
1. I think about physics in everyday life.
1

2

3

4

5

2. I am not satisfied until I understand why something works the way it does.
1

2

3

4

5

3. I study physics to learn knowledge that will be useful in my life outside of school.
12

3

4

5
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4. If I get stuck on a physics problem on my first try, I usually try to figure out a
different way that works.
1

2

3

4

5

5. Nearly everyone is capable of understanding physics if they work at it.
12

3

4

5

6. To understand physics I discuss it with friends and other students
12

3

4

5

7. In doing a physics problem, if my calculations give a result very different from
what I'd expect, I'd trust the calculation rather than going back through the
problems.
1

2

3

4

5

8. In physics, it is important for me to make sense out of formulas before I can use
them correctly.
1

2

3

4

5

9. I enjoy solving physics problems.
1

2

3

4

5

10. Learning physics changes my ideas about how the world works.
1

2

3

4

5

11. Reasoning skills used to understand physics can be helpful to me in my everyday
life.
1

2

3

4

5
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12. We use this question to discard the survey of people who are not reading the
statements. Please select agree- option 4 (not strongly agree) to preserve your
answers.
1

2

3

4

5

13. Spending a lot of time understanding where formulas come from is a waste of
time.
1

2

3

4

5

14. I can usually figure out a way to solve physics problems.
1

2

3

4

5

15. The subject of physics has little relation to what I experience in the real world.
1

2

3

4

5

16. There are times I solve a physics problem more than one way to help my
understanding.
12

3

4

5

17. To understand physics, I sometimes think about my personal experiences and
relate them to the topic being analyzed.
1

2

3

4

5

18. When I solve a physics problem, there is no chance I'll figure it out on my own.
1

2

3

4

5

19. If I get stuck on a physics problem, I explicitly think about which physics ideas
apply to the problem.
1

2

3

4

5
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20. When studying physics, I relate the important information to what I already know
rather than just memorizing it the way it is presented.
1

2

3

4

5
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APPENDIX B
INTERVIEW QUESTIONS
1. What AP and honor's classes are you taking?
2. Why are you or aren't you enrolled in either AP or honor's physics?
3. How do you think your peers would perceive you if you were enrolled in AP or
honor's physics?
4. How do you think you or your peers would perceive a girl that excelled in a
physics classes?
5. Why do you think boys are more interested in physics than girls?
6. What classes are for predominately boys?
7. What classes are for predominately girls?
8. What kind of grades do you, your peers, and your parents expect you to get in
your AP and honor's classes?
9. How connected do you feel to the physics content?
10. Do you find physics to be interesting?
11. How confident are you when solving complex physics problems
12. What do you do if you are struggling with solving a physics problem?
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02-Dec-2010
Ms. Rabieh Jamai Halza
Mercer University
Mercer University
Tift College of Education
Atlanta, GA 30341

RE: The Self-Efficacy of Female Students in Physics Classes (H1007160
Dear Ms. Hafza:
Your appfcation entitled: The Sell-Efficacy of Female Students in Physics Classes" (H1007160was reviewed by this Institutional Review Board for
Human Subjects Research in accordance with Federal Regulations21 CFR 56.110(b) and 45 CFR 46.110(b) (for expedited review) and was
approved under Category 7 per 63 FR 60364.
Your application was approved for one year of study on 02-Dec-2010. The protocol expires 02-Dec-2011. If the study continues beyond one year, it
must be re-evaluated by the IRB Committee.
New Application
Please complete the survey for the IRB arid the Office of Research Compliance. To access the survey, click on the following link:
httD;//www.zoomeranq.com/Survev/?p=WEB227URK2RB6Q
It has been a pleasure to work with you and much success with your project!!
If you need any further assistance, please feel free to contact our office.
Mercer University IRB & Office of Research Compliance
Phone (478) 301-4101
Fax (478) 301-2329
PRC Mercer@Mercer.Edu
Respectfully.
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Member
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